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Introduction. 

Many papers dealing with the anatomy of the Anthropoid 
Apes oontam details of the macsroscopic appearances of the 
tongues. Most of the authowb however, have limited their 
aoeountil to the description of one or more salient features, such 
as the number and arrangement of the vallate papillae. More 
attentioui too* has been |»aid to the large Anthropoids than to 
Pboo, 2ool, Soo.— 1921, Ko. 1. . 1 
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the Gibbons, I have referred to nearly thirty papers, and in no 
case did I find a complete account of any of the Bimian tongues. 
Even Deniker’s paper on the tongue of the Gorilla, which is 
the best, is incomplete, for it deals mainly with the tongue in the 
foetus and says little about its condition in the adult. 

For the purpose of the present communication I have 
examined both fresli and preserved specimens in the Society 
Prosectorium and in the Museum of the Eoyal College of 
Surgeons, the specimens from the latter being indicate by 
the words Mus. R.O.S. Of all the tongues examined only the 
measurements of fresh specimens are given, for the dimensions 
of preseiwed ones are worthless. I am indebted to Professor 
Arthur Keith for permission to examine some of the tongues 
descril>ed in this and future papers. 

Genus Anthropopitheous. 

The Chimpanzee (J, troglodytes). 

Of the three tongues examined one was fresh, one had been 
preserved in the Society’s Prosectorium, and one (No. J. 359.1) 
was pieserved in the Museum of the Royal College of Surgeons. 
These are described respectively as specimens one, two, and 
three. The fresh specimen was a male from Landaua, S.W. 
Africa. 

Several writers have stfited that Traill first described the 
tongue of the Chimpanzee in 1821, but Traill’s paper is entitled 
“ The Deseri})tion of an Orang-Outau ” (206). He certainly 
described an arrangement of the vallate papilla) wliieh closely 
resembles that of the Chimpanzee, but he expressly mentions 
the tongue as being that of an Drang*. 

My fresh specimen has the following Jia)a,suremerits; — Total 
length 9’1 cm. ; length fjoin the apex to the an tero- median 
vallate papilla 6*1 cm.; length from that papilla to the epi- 
glottis 3 cm. ; width between the lingual attachments of the 
anterior faucial pillars 4*5 cm. ; width of the apex 3 cm. ; 
thickness in the region of the antero-median vallate jmpilla 
3‘5 cm. ; thickness of the apex ’3 cm. 

The tongue is long and compamtively narrow, and its width 
does not decrease greatly fiom base to apex. Cunningham (118) 
is the only author who points out that its elongated form is due 
to the shape of the mouth. He also shows how the tongues of 
the Chimpanzee and Gibbons differ more from that of Man in 
the disproportion between length and breadth than does the 
tongue of the Orang-Outan. 

The antero-median vallate papilla stands a short distance 
behind the summit of an elevation whence the dorsum slopes 
towards base and apex, but the declivity is greater in the latter 
direction (text-fig. 1 B, d). In this connection the Chimpanzee 


* Flowrr states that Traill really described a Chimpanzee from the Gaboon. 
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is pre-eminent among the Anthropoids, but the degree of slope 
varies in different individuals. 

The Apeof wnd Lateral Borders exhibit characters which are 
common to many of the Anthropoids. The apex is blunt and 
may or may not possess a median notch ; the notch only occurred 


Text-figure 1. 



Tho tongoc of Anthropopithecun trofflodytcs. 

A, domim j B. lateral view ; 0. inferior surface ; I), vertical section of tlio side 
of the tongue. Descriptions in text. 


in my fresh specimen. It is roug^iened by conical paplllie and 
tuberculated by large prominent fungiform papillae. Their size 
varies in different tongues, but they are always numerous ; some 
are smooth, glistening, and hemispherical, others are gi*anular 
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and hemispherical, and others may possess a central boss (text-^ 
2 A, U All the conical papillss liaye their points 

directed b^kwai^s. The lateral borders are full and rounded 
(text^hg. 1 D, a) ; they are beset with both conical and fungi* 
form papillae, and the lateral organs are situated at their 
posterior extremities (text-fig. 1 B, g)» 

Mesial SulcL — Mesial sulci may be present on the dorsal and 
inferior surfaces. In my fresh specimen (text-fig. 1 A) the 
median dorsal salom extends from the apical notch to a point 
4 mm. in front of the antero-median vallate papilla. It is 
irregular and invaded by both conical and fungiform papillfe; 
posteriorly it is deep and lodges fungiform papillae alone. On 
the base of the tongue the median row of vallate papillae is 
situated on a depressed band of mucosa which is bounded by 
large papillae and lymphoid nodules. 

In my second specimen there is, instead of a median sulcus, a 
row of prominent fungiform papillae, and the only representative 
of the fissure is a small pit, lodging a fungiform papilla, lying 
immediately in front of the anbero-median vallate papilla. 

In my third specimen (No. J. 359.1, Mus. R.C.S.) there is 
neither a median sulcus nor a median row of fungiform papillae, 
but there is a pit in front of the antero-median vallate papilla. 

The small pit described above must nob *be mistaken for the 
foramen ccecnni of Morgagni which is absent in the Chimpanzee. 
The median central sulcus will be described later. 

Transverse ridges and sulci are absent. 

The Papillae. 

Papilla* are present on the entire dorsum, apex, lateral borders, 
and a bounding zone on the inferior surface. I'liis general distri- 
bution is so common among the Anthrof)oid?> that it can he 
regarded as the rule. The only exceptions are the Orang-Outan 
and the Siamang Gibbon, which have areas on the base which are 
devoid of papillae. I am unable to say whether these smooth 
aims exist in all Siamangs, but they nre not present in all 
Orangs. 

The Oircumvallate Papillm (text-fig. 1 B, c & d). 

The vallate papillae vary in number and arrangement in dif- 
ferent individuals, but the relation between the species of 
Chimpanzee and the papillary pattern has not been stated by 
authors. The following types have been described : — 

T-forrn : Blower (28); Dwight (123); Symington (202); 

Huxley and Hunter. 

Y-form: Qratiolet and Alix (131); Bischoff*(7); Munch[l]. 
V-form: Cavanna(109); Ehlers (23). 

Cruciate form : Mayer (162), 

Linear type: Humphry (142). 

The numbers of vallate papillce vary from three, as recorded ' 
by Wyman (215), to fifteen mentioned by Humphry (142). 
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In my three ^specimens the arrangements are as follows : — 

Speci'tmn iVo. 1. — There are eight papillss aiTanged in the 
Y^form (text-figs. lA k 2B). Each lateral limb has an 
outer compound and an inner simple papilla, and the mesial 
antero-posteiior row consists of four simple elements. 

The papillary bodies of the compound papillee are oval on plan ; 
the inner papillae of the lateral rows ere circular ; the antero- 
median papilla is circular, and the otlier three papillie are oval 
on plan. All the papillae are conical on elevation (text-figs. 
2 A, r, & 1 B, c), the narrow ends of the cones being attached 
to the bottom of the fossae. The surfaces are all granulaUd, 
possibly by secondary papillae. The valiums are lohulated, and 
the fossae are more or less patulous (text-fig. 2, <). 

iSpemmn No. 2.-- There are eight papillae arranged in the 
Y-forin, and all of them are simple (text-fig. 2 B). The left 
lateral row has three papillae, the right lateral limb has two, and 
the mesial an tero- posterior limb has three. All the papillae of 
the lateial limbs are circular and prominent, and the valiums 
and fosstc are well marked. They are surrounded by papillo.se 
ridges passing inwards from the corresponding lateral organs. 
The median row of papillee consists of oval elements well recessed 
beneath their valiums. The most posterior papilla is difficult to 
see unless the |iednnculated papillte of the base of the tongue are 
withdrawn from over it. 

In Specimen No» 3 the aiTangement of the vallate papillae is 
uncommon. There are eight papillsc in the Y-form (text-fig. 
2 B), but the two lateml limbs lie closely side by side, and the 
vertical limb has one papilla. The left lateral limb has four 
papillas and the right one has three. 

The Fungifoi^m l^apilke (text-figs. 1 B, 0, & 2 A, ?//,, o). 

Fungiform papillie are numerous and cover the dorsum, apex, 
lateial borders, and a bounding zone on the inferior surface. 
They have the usual arrangement in clusters behind the apex, 
trails vei’se rows farther back, and oblicpie chains in front of the 
vallate papillie. On the lateral borders they are arranged verti- 
cally, and on the inferior surface they are in straight lines 
passing from without inwards. 

They invade the median dorsal sulcus, and may replace it 
altogether. In one of my specimens there is a well-marked 
median row of prominent fungiform papillae in place of the 
median sulcus. 

In one of my specimens there are more fungiform papillae than 
those presented to the naked eye, for the lens shows how filiform 
papillae entirely conceal many fungiforms. 

At the base of the tongue (text-fig, I A) thei'e are many long 
pedunculated papUlas which belong to both fungiforni and conical 
groups. It is only possible, however, to settle by microscopic 
examination to which of them any particular papilla can be 
rrfeired. They vary in degree of development in difiei^nt 
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tongues, and I agree with Humphry (142) that some of them 
may be a quarter of an inch long. 

These pedunculated papillae are smaller and fewer than in the 
Gorilla, and larger and more numei’ous than in the Gibbons. 
They are absent altogether in the Orang-Outan. Their surfaces 
are smooth or granular. The difierent forms of papillae are 
shown in text-fig. 2 A, m-o. 




« A c tf, e 


Text-figme 2. 

^ Axa A ?■? O 
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The papillte aud lateral organa of Anthropopithecun frofflod/ftes. 



a-lf conical papill® ; m-o, fungiform papilla ; p-Uy circumvallaU* papill* ; 
A A', lateral organ ; the three figures on the left side of the bottom row 
are vallate patterns, described in the text as 2 B. 


The Conical Papillm (text-fig. 1 B, a, e, &/)• 

Tlie conical papillae have the same form of arrangement as the 
fuugiforms, and they are seen to the best advantage when the 
tongue is allowed to dry, for they then stand up on the surface. 
All their points are directed backwards. 

They increase in size from before backwards, and from without 
inwards, the largest ones on the anterior part of the dorsum 
being in and around the median sulcus. They overlap the fungi- 
form papilla® and conceal some of them entirely. In one of my 
specimens they stand on ridges like those on the finger-tips. 

They belong to both cylindrical and filiform groups. The 
filiform varieties have one or more points. When there is only 
one the papilla is tapering, and ciwular on section. When 
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there are more than one point the body may be cylindrical, or 
flat and thin (text- fig. 2 A, a-g). The cglhidrical tgpes are 
interspersed among the others. They have a granular surface, 
and some of them are very rough. In the latter case, however, 
it is diflicult to be precise as to their character ; they may have 
lost long points as the result of handling (text-flg. 2 A, A, i). 

The relative proportions of the filiform and cylindrical types 
differ in difterent tongues. Either type may be in excess, aiul 
they may in some cases be evenly distributed, but it is usual to 
find one form proilominating. 

The different forms are sliown highly magnified in text- 
fig, 2 A, nos. a~L 

Lgmphoid T'issue, 

The base of the tongue contains much lymphoid tissue which 
gives the surface a lobulated appearance, and there is a great 
contrjist between it and the rough anterior surface when the 
tongue is viewed from the side (text-fig. 1 B). The degree of 
(iontrast depends greatly on the numl)er of filiform papilhe on 
the anterior two-thirds of the dorsum; when these 'lU'e very 
numerous the roughness is greater and the contrast more marked. 

The lymphoid uodiiles vary in size, and the large ones have 
small central pita, but it is only possible to tell by microscopic 
examination whether any one orifice has ducts of glands con- 
nected to it or not. Few of the pitted follicles lie anterior to 
the most posterior vallate papilla. 

'fhe Lateral Orgam (text-figs. 1 B, y, k 2, AA'). 

Boulavt aiul Pilliet [2J have stated that the lateral organs of 
the AnthrofMjid Ajies are well developed, and mention that the 
Chimpanzee has twelve ridges in its organs, but they do not say 
whether both organs have the sfime number of lissiU’es and 
ridges. Dwight (128) showed that each organ is convex in- 
ternally. 1 agree with Dwight, but not with Boulart and 
Pilliet. All ray specimens have organs convex inwanlly, but 
there is great variability in the number of fissures and ridges 
as the following figures show : — 


Specimen I (text-fig. 2, AA'). 


Right organ : 

Ijength 1%55 cm. 

Ridges 15. 

Sttlci 16. 

Left organ : 

Length 1*6 cm. 

Ridges 14. 

Suiei 15. 

Specimen 2. 

Right organ : 

Jjengik 1*4 cm. 

Ridges 7. 

Stdoi 8. 

Left organ ; ^ 

Length 1*7 cm. 

Ridges 9, 

Svlci 10. 

Specimen 3. 

Right organ : 

— 

Ridges 10. 

Sviei 11. 

Leh organ : 

— 

Ridges I). 

Sulci 10. 


Each organ begins anteriorly as a number of sulci on the 
infero-lateral aspect of the tongue, but the pieces of the tongue 
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between them are not raised above the general surface. Behind 
these the ridges appear and increase both in length and pro- 
minence till a point is reached almost level with the outermost 
vallate papilla of the corresponding lateral row. After that they 
diminish in size, but increase in prominence, till the posterior 
limit of the organ is reached. Many ridges are simple, but a 
few are divided by small secondary sulci. 

Ridges pass across the doi*siiin from tho upper ends of the 
ridges of the lateral organs. These either encircle the vallate 
papillae or pass backwards on their outer side. 

TJie Inf trior Hurfcbce (text-fig. 1 0 <k 1 B, /). 

The inferior surface presents for examination a mesial sulcus, 
two plicae fimbriataj, the papillary border, frenum and sublingual 
fold, or frenal lamella, so called by Pocock (text-fig. 1 B, Ar, k 
1 0 , 6 ), 

The mesial sulcits (text-fig. 1 C, a) extends backwards from 
the posterior border of the papillary zone to the attachment of 
the frenum. It is not occupied by any crest as in the Gorilla. 

The plicm fimhriaim (text-fig. 1 0, c) are, it is acknowledged, 
remnants of the sublingua of the Prosimiw, and in one of my 
specimens the two plicce and intervening piece of mucous mem- 
brane have the appearance of an under tongue. 

The plicae are two longitudinal folds, almost touching in front, 
running Im-ck wards and outwards from near the apex to a point 
well behind the middle of the tongue, but in one of my specimens 
they are nearly pamllel to one another. They lie on the lateral 
aspects of the inferior surface between the mesial sulcus an<l the 
edges of the tongue. Each one has undulating and crenated 
edges, and increases in width from before backwards. 

When a vertical section of the tongue is made about its centre 
(text-fig. 1 D) one sees the mucosa of the floor of the mouth (d) 
reflected to form the frenal lamella (c). From the upper surface 
of the latter it is reflected on to the plica (6), and thence to the 
under surface of the tongue (a). The mucosa l)etween the 
plica fimbriatie and the sublingual fold is thrown into many 
small folds. 

Tlie /SWdingual Fold (text-fig, 1 C, e). 

The sublingual fold, or frenal lamella (Pocock), lodges 
Wharton "e Ducts. It is triangular in shape with the base 
behind. The apex is bifid and the two ducts open on the points 
which are very sharp ; the edges are undulating and crenated. 
Its mucosa is continuous with that of the floor of the mouth 
below and the frenum linguse above. 

Some have said that the sublingual fold corresponds to the 
sublingua of the Prosimiaa, but most anatomists are agreed that 
the plicae fimbriatae represent it, so the tongue of the Chimpanzee, 
which possesses both, is sufl^cient to disprove the statements of 
the former group of observers. 
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TAe Faptl/ary Border (text-fig. 1 0, 6). 

The narrow papillary border has fungiform and conical 
papilliB, the latter belonging to the filiform and cylindrical 
gioups. They are arranged in lines passing from without in- 
wards. The fungiform papillae are small and most numerous 
beneath the apex of the tongue. 

T}m Frmurn Linguae (text-fig. 1 d), 

1?he frenum is short and thick. It runs from tlie upper 
surface of the sublingual fold to the under surface of the tongue 
from the posterior end of the median ventral sulcus backwards. 

No lytta is present in the interior of the tongue. « 

When the apex is examined histologically, no Apical Gland of 
Nuhn is seen. In this connection it agrees with the Goiilla and 
Gibbous, and difiers from Man and the Orang-Outan. 

There is only a narrow groove between the base of the tongue 
and the epiglottis (text-fig. 1 B, A). 

Genus Gorilla. 

The Gorilla (6'. gcyriUa). 

Tl le literatuie containing details of the structure of the 
tongue of the Gorilla is not so large as that dealing with the 
tongue of the C/himpanzee, but the papers are uioi’o complete. 
Elders (2B), Bischofi’ (7), and Duvemoy (22) have written 
accounts of the adult tongue, and Deniker (17) has described 
the fcetal tongue very fully, but he has said little about the 
adult form. Boulart and Pilliet [2] have not mentioned the 
Gorill.a in their study of the lateral organs of the Mammalia. 
The specimen which I examined (No. J. 358.1, Mus. ll.C.S.) 
exhibits fe^iturcs which have not been ni(»ntioned by thet-e 
authors, or ai*e difierent from the conditions described by them. 

The tongue has not such a great disproportion between its 
length and width as that of the Chimpanzee. It is comparatively 
broad, and in this connection 1 agree with Bischoff (7), and 
diflPer from Duvernoy (22) who said it is narrow. The whole 
organ appears rectangular. It slopes gently from the vallate 
papillary region to the apex, and more steeply from the vallate 
region to the epiglottis ; it differs, therefore, fi’om the tongue of 
the Chim})a.nzee. 

The apex is Wjuare-cut, has no mesial notch, and bears conical 
and fungiform papillie which are thickly clustered ; the latter are 
not so prominent as in the Chimpanzee, but are more marked 
than in the Omng-Outan. 

The latend have ]ai*ge and medium-sized fungiform and 

conical papillaB arranged in vertical lines, and they are fissured by 
nutneixms sulci prolonged on to them from the dorsum. At 
their posterior extremities on© sees the outer ends of the fissures 
and laiuinffi of the lateral organs. In this res|>eet the tongue 
agrees with that of the Orang-Outan, and differs from those of 
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the Chimpanzee and Gibbons, in which most of the lateral 
orgfxns lie on this lateral Isorders of the tongue. 

Mesial SvloL — Mesial sulci are present on the dorsal and 
inferior surfaces. The dorsal sulmts lies in the centre of the 
anterior two-thirds ; it is wide and shallow, and contains many 
conical and few fungiform papillae. Just in front of the antei*o- 
mediau vallate papilla there is a small pit containing both cjonical 
and fungiform papillae, but this must be regaided as a ])art of the 
mesial sulcus. It must not be mistaken for a formmn 
which does not exist in the Gorilla. There is no inediaA sulcus on 
the base of the tongue. 

The median ventral sulcus (text-fig. 3 B, c) begins in front at 
the posterior edge of the papillary zone and runs back, widening 
as it goes, till it terminates in a triangular pit into which tiie 
frenuin passes. It lodges a median fold of mucous membrane 
termed the j)lioa mediami or mesial C7*est (text-fig. 3 B, d). 

Transverse Ridges ami Sulci . — Several transverse ridges ami 
sulci are present on tlie anterior two-thirds of the dorsum. They 
are undulating and irregular in direction, and some of them cut 
the lateral l)orders of the tongue ami riui inwards on the 
bounding papillary zone of the inferior surface. The sulci are 
narrow and the ridges are covered with papillsc. 

In the interior of the tongue there are neither hjtta nor Apical 
Olaud of Nuhn. 

The PapillsB. 

,Papill8B are preseat on the entire dorsum, apex, lateral borders, 
and a bounding zone on the inferior surface. The last is better 
developed than in the Chimpanzee and Orang-Outan. 

The Circumvallate Papillcb (text-figs. 3 A & 1), b). 

In my specimen there are seven vallate papillee arranged in 
the form of a Y, and the notable feature is that most of them 
are compound. Each la tend limb has two papilUe and the 
median one has three. 

The two papillsB of the right limb are compound (text- 
fig. 3 D, a) and lie very close together, for their valiums arc only 
separated from one another by a narrow fissure. Both fossa) and 
valiums are prominent and the papillary elements are recessed 
below the valiums. The papillary bodies are granulated, possibly 
as the result of secondary processes. 

The outer papilla of the left lateral limb (text-fig. 3 I), h) is 
compound and the inner one is simple. The fossce are patulous 
and the two valiums are in continuity. It seems as if the inner 
papilla is an element which has been separated oflf from the outer 
compound papilla. In the case of the comi)ound papilla the 
elements are recessed below the vallum, but the simple papilla is 
more prominent. The surfaces of the elements are granular. 

The outer papillie of the lateral limbs are level with the 
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T6Xt-figui*e 3. 




The tongue of Qorilht gorilla* 

A. (lomum ; H. inferior eurliu'e ; C. lateral tiow ; X>* a, h^dt o, ]>Hpil]» ; II. e, lateral 
organ ehowitig the lateral vallate papilla above ita posterior laminae. 
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posterior extremities of the lateral organs as in the Omng-Outan 
(text-figs, 8 A <&; 3 D, c). In the Chimpanzee and Gibbons, on 
the other hand, they are level with the central rows and sulci of 
the lateral organs. 

The median row of vallate papillie has three elements. The 
anterior and posterior ones are simple, but the middle one is 
compound. 

The following numbei's and arrangements have been re- 
corded : — 

1. Five papillsD in V-forination — Ehleis (23). 

2. Five papillae in V-formatioii in the fcetiis — Deniker (17). 

3. Six papillae in V-formation-^I)uvernoy (22). 

4. Seven papilhe in V-forination — Bischoff (7). 

5. Eight papillae in V-formation — Duvernoy (22). 

My specimen, therefore, differs in the type of arrangement of 
its vallate papillae from that described by other authors. 

The Conical Papillm, 

The conical papilbr have the same forms and arrangements as 
in the Chimpanzee, but they ai*e not so largo in the anterior two- 
thirds of the dorsum. Behind the vallate region, liovvever, iht*. 
large pedunculated papilla*, are larger and much more numerous 
than in the Chimpanzee. These latter papilke are tapering or 
club-shaped, and many of them have small secon<lary processes 
as described and figured by Bischoff (7). Their points are 
directed backwards, and some of them overlap the most posterior 
vallate papilla (text-fig. 3 D, e). 

The Ftingiform Papilhc, 

The fungiform papilla? are not so large or so iiuiiierou.s lis in 
the Chimpanzee, ])ut they exceed those of the Orang-Outan both 
in size and numbers. They are in clusters behind the aj^ex, in 
transverse rows farther back, and in oblique chains in front of 
the vallate papillae. They are most numerous behind the apex 
and close to the latei*al borders of the tongue, and diminish in 
numbers towards the mesial sulcus. There are, however, no 
fungiform papillae overhung by filiform types. 

When the tongue is viewed laterally (text-fig. 3 C, FP) one sees 
how prominent many of the fungiform papillae are, and some of 
them appear almost pedunculated. In this connection the Gorilla 
differs from all the otlier Anthro|x>ida 

On the sides of the tongue the fungiform papilla? are in 
vertical chains, and they are in i*ows passing from without 
inwards on the inferior surface (text-fig. 3 C, FP), 

The Lateral Orgam (text-fig. 3 C, LO^ <fc 3 D, c). 

The lateral or^ns of the Gorilla have been omitted from 
Boulart and Pilliet's paper. They are situated on the edges of 
the dorsum of the tongue, beginning posteriorly on a level with 
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the eacternal vallate papillsB of the lateral rows, and extending 
forwards to a point level with the posterior extremity of the 
mesial sulcus. The numbers of ridges and elevations are as 
follows : — 

Right organ ; Length VZ cm. Ridges W, Svilci\2, 

Left organ : Length 1'35 cm. Ridges 12. RvILn 13. 

In his study of the tongue of the fcetal Gorilla, Deniker (17) 
has shown that the lateral organs are better developed than in 
the adult. 

The ridges and sulci just cut the lateral borders of the tongue. 
They are long, narrow, and tapering ; some are twisted and some 
have secondary fissures. 

The Inferior JSurfaee (text-fig. 3 B). 

The inferior surface presents for examination a papillary 
border, a frenum, a sublingual fold, two plicsB fimbriatae, a mesial 
crest, and a mesial sulcus which has already been described. It 
has, therefore, the same structures as the tongue of the Chim- 
panzee, with the mesial crest in addition. 

The papillary harder maintains the same width across the 
under surface of the apex, but it widens out from before 
backwards along the lateral bordei*s. It bears conical and 
fungiform papillae whose method of disposition is of the usual 
type (text -fig. 3 B, a). 

The most notable feature is a row of closely-set club-shaped 
conical papilhe Imunding the zone internally (text-fig. 3 B, f). 
They increase in size from before backwards, and they lie flat 
against the surface of tlie tongue. Some are entire and others 
are subdivided into lobules as shown in text-fig, 3 D, d. In no 
other Anthropoid tongue is there a uniform row of these papillae. 

The mesial crest, oi* plica mediana, is a fold of mucous mem- 
bmne occupying the ventral mesial sulcus (text-fig. 3 B, d). It 
runs along the anterior liorder of the frenum, and thins out and 
disappears on the doiml surface of the sublingual fold. Deniker 
(17) considers that it is a remnant of the sublingua of the 
Prosimiie. 

The plicce fimh^vatoi (text-fig. 3 B, b) are united anteriorly at 
the posterior lx)rder of the papillary zone on the inferior surface. 
When they are traced backwards they diverge and become wider 
and more prominent. They have undulating free margins, and 
are pale in colour. The mucosa V>6tween them is pale and the 
remainder is pink jn preserved specimens, so the plicae anti inter- 
vening part together look like a sublingua. A vertical section of 
the tongue of the Gorilla resembles that of the Chimpanzee 
(text-fig. 1 D), 

The /renal Imidla^ or sublingual fold, is triangular in shape 
and has a rounded entire apex (text-fig. 3 B, g). Wharton’s 
Ducts open on its dorsal surface, and the bristles show'n in 
text-fig. 3 B, s, pass into them* 
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Bischoff (7) denied the existence of a frenum^ but Ehlera (23) 
and Deniker (17) saw one. In my specimen it runs from the 
dorsal surface of the sublingual fold to a triangular depression on 
the inferior surface of the tongue (text-fig. .3 B). 

Genus SiMiA. 

The Orano-Oittan (/S', satyrns). 

The tongue of the Oran g-Oii tan resembles that of Man in its 
relative proportions of length and width and certain of its struc- 
tuml peculiarities, I examined three preserved specimens in the 
Museum of the Royal College of Rurgeons, and the following 
description refers to No. J.421.3. It is designated as specimen 
No. 1 here. 

The ape,v is rounded, has no mesial notch, and possesses conical 
and fungiform papillie, but both forms are small. 

The lateral borders are mjissive, iind have both conical and 
fungiform papillae distributed in the usual manner. Only the 
outer ends of the lamina? and sulci of the lateral organs cut the 
lateral borders of the tongue. 

The dorsum has no median or transverse sulci. 

The Papillaa. 

Papillae cover most of the dorsum, apex, lateial borders, and a 
bounding zone on the inferior surface. 

The CArcAvmvallate Papillce, 

The following numbers and arrangements of tlie vallate papilbe 
have been recorded : — 

1. Ten papillae in A^-formation — Flower (28), Boulart and 

Pilliet [2]. 

2. Eight papillae in V-formation — Miitich [1]. 

3. Seven papillae in Y-formation — Sandifort (271). 

4. Three papillae on each limb of a Y — Fick (2.35). 

5. Eight papillae in the T-form — Traill (200)’*^. 

I observed the following numbers and arrangements of the 
papillae : — 

Specimen No, 1. (text-fig. 4 A). — The papilla' are arranged in 
the Y-form, but the angle embraced by the two limbs is more 
acute than in Man, There is an apical papilla and three papilla? 
on ejich limb, the whole series standing on a raised smooth band 
of tongue. The papillae of the left limb are all simple, and ihe 
most external one has a small umbilicus (text-fig. 4 A). The 
most external papilla of the right limb is simple, and the middle 
and inner papillae are compound. The apical papilla is com- 
pound. All the papillary bodies are round or oval on plan and 
conical on elevation, with the free broad end of the cone over- 
lapping the vallum. The fossae are well marked. 

♦ See footnote on page 2. 
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Specimen No, 2. — The papilla which are twelve in number, 
are arranged in the form of a V, but they do not btand on a 
raised band of tongue as in specimen number one. Several of 
them are compound. 

Text-figure 4. 




The tongue of Simia $atyms. 

A. dorsum ; H. ventral snrfiice. Tlie mucosa has b<>cu dissected ba(>k to show 
Wliartoii's Ducts ; the arrows point to the ac'tual poKitions of the tsubliiigual 
glands, and the dotted lines indiciite the positions of the plica) Smbriatic. 

The Fungiform PapilUe. 

The fungiform papilla) are very snmll. They have the same 
arrangement in clusters and rows as occurs in the Chimpanzee 
and Gorilla. In the centre of the dorsum they ere concealed by 
long filiform [lapilla). On the inferior surface of the tongue bhey 
are larger than on the dorsum, and they acre disposed in lines 
passing from without inwaixls. A double row forms a prominent 
arch round the anterior extremity of the frenum (text-fig. 4 B). 

Tlie Oonioal Papillcf, 

The conical papilla? are marked features on the anterior two- 
thirds of the dorsum (text-fig. 4), but they ai*e more pronounced 
in some individuals than in others. They have the same arrange- 
ment in clusters, transverse rows, and oblique chains as in the 
other Anthropoids, and the}' increase in size from before back- 
wards and without inwards. They are veiy long on an area in 
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t.he centre of the anterior two-thirds of the dorsum, but, as their 
points face in all directions, tiiey appear tangled and without any 
definite method of arrangement. In that central area, again, 
fungiform papillie are concealed by the conical forms. There is, 
therefore, a similarity to the condition already described in the 
Chimpanzee, and shown in text-fig. 1 A, but tlm papillce are more 
diffused in the latter. 

The papilla belong to the filiform and cylindrical types, but 
the former predominate, thereby giving the dorsum its shaggy 
appearance. 

The base of the tongue is devoid of the long conical papilim 
which are present in the other Anthropoids, and it resembles 
that of Man in this respe(;t. 

On the sides of the tongue they are in vertical chains, and on 
the inferior surface they are in lines passing from without 
inwards. 

In all situations, except on the central area of the dorsum 
described above, the points are directed backwards. 

The Lateral Organs, 

Boiilart and Pilliet [2J state that the lateral organs have each 
twelve laminse, but I found that the numbers of fissures and 
ridges differ on the two sides as follows • 

Right organ: Length 1*6 cm. Ridges 14. Sulci Ifi. 

Left organ : Length Lfi cm. Ridges 12. Sidni 13. 

The ridges run obliquely from below upwards, and they 
diminish in size both forwards and backwards, hut tlie organs 
are continued by simple folds of the mucosa. 

The lateral organs end posteriorly on a level with the most 
external vallate papillm. The greater part of each lies on the 
dorsum as in the Gorilla, but some of the anterior lamineft and 
sulci project considerably on to the latejul borders of the tongue. 

Lympheyid and Glandular Tissue, 

The Oraug-Outan agrees with Man and differs from nil other 
Anthropoids in the possession of the Apical Ghnd of JVuhn, 
Mucous and serous glands occur as usual on the base of the 
tongue, but there are no large follicles with central pits as in 
Man and the Chimpanzee. 

On the inferior surface there are seveml small pits surrounded 
by a raised zone (text-fig. 4 B), but histological examination alone 
will reveal their true nature. I have been unable to study these 
as my specimens have been preserved too long in formalin for 
satisfactory histological work. 

The frenum linguae is well-marked, as in Man, the plicae 
fimhriatce are of no greater development, and ih^frenal lamella 
is as in the human tongue ; it is not a triangular process as 
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iu the other Anthropoids, but simply a fold over Wharton’s 
Ducts. 

Tho tongue of the Orang-Outan, therefore, resembles that of 
Man in the following particulars:— 

1. Its general proportions. 

2. Its rounded apex. 

3. The V-type of vallate papillse. 

4. The absence of long conical papillse on the base. 

5. The frenum linguae. 

6. The small proportions of the fimbriate plicae. 

7. The nature of the sublingual fold. 

8. It has an Apical Gland of Nnhn or Blaridiii. 

In all these particulars it difieis from the Chimpanzee and 
Gorilla, so it must be placed next to that of Man in a classifica- 
tion of tongues. 

SyMPH AT ANGUS. 

Tub Siamanq st/itdaciyhta). 

(Specimen No. J. 357.3, Mus. R.C.S.) 

The tongue is long ainl nari’ow, and the distance between the 
antero-median vallate papilla and the epiglottis is long (text- 
fig. 5). 

The apes is rounded and devoid of a notch. It bears conical 
and fungiform papillse which have the usual disposition. 

The lateral borders are full and rounded. They bear conical 
papilla) with backwaixlly-directed points, prominent fungiform 
papillas, and the chief parts of the lateral organs. This condition 
is present in all Gibbons, but the fungiform papilla; vary in size 
and prominence in different species. 

Mesial and ircmsverse sulci are absent on the anterior two- 
thirds of the dorsum. Both are present on the base of the 
tongue, but these may have been induced by the preserving fluid. 

The mesial ventral sulcus begins at the posterior border of the 
papillary zone, and runs backwards to open into a triangular 
depression into which the frenum passes. 

The Papilla. 

Papillae are present on the apex, laternl borders, the entire 
anterior two-thirds of the dorsum, the sides of the posterior 
third of the dorsum, and the bounding zone on the inferior 
surface. 

On the posterior third of the dorsum there is a large central 
area devoid of papillas (text-fig. 5), It stretches forwards 
anterior to the median row of vallate papiilie, and sends out 
limbs on which the lateral papilla stand. It extends right back 
to the epiglottis, and is ridged and furrowed at its posterior part. 
Antertorly it is bounded by small conical papilla, and large 
Phoo. Zool. Soc.— 1921,.No. 11. 2 
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conical papillce occupy the spaces between its lateral borders and 
the edges of the tongue. 

The Orang-Outan is the only other Anthropoid which has a 
bare area (text fig. 4 A), but it is V-shaped and smaller in size. 

The CircumvaUate Papillas, 

Five vallate papilte are arranged in the form of a Y ; of these, 
three form a mesial row, and there is a right lateral and a left 
lateral papilla. All the papilla? are circular on plan and conical 
on elevation, and the fossa? are well-marked. But the valiums 
are not deniarcate<ll off from the smooth area on which the 
papillie stand. All have smooth bodies, and the right and left 
lateral ones are umbiliciited. 


Text-figure 5. 



The tongue of Symphatangus sgndaeigJuaf showing the dorsum, inferior 
surface, and right lateral organ wdth lateral vallate papilla. 

The Fungiform rapillm. 

The fungiform papillae are present over the anterior two-thirds 
of the dorsum except for a zone along the mid-line. They have 
the usual distribution in clusters and rows, and are never veiy 
large nor concealed by conical papillie. On the lateral borders 
and inferior surface they are arranged in lines running vertically 
or from without inwards. 

The Conical Fapillce, 

They have the usual form of distribution in clusters and ridges, 
and their characters are visible to the naked eye right forward 
to the apex.. Most of them are filiform with the points directed 
backwards, or backwards and inwards. 
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Tha conical papillee on the base increase in size from before 
backwards, but they never attain the degree of development 
which is exhibited on the tongues of the Chimpanzee or Gorilla. 
They belong to the cylindrical type, and many of the large ones 
at the base have long hair-like processes. These basal papillee 
are aiTanged in two groups — one on each side of the non- 
papillary area. 

TSo foramen eceeum^ lytta^ or plicce fimbriatm are present. 

The Lateral Organs (text- fig. 5). 

The two lateral organs, which are convex inwardly, have the 
following measurements, etc. 

Right organ : Length 1*3 cm. Ridges 11. Sulci 12. 

Left organ : Length 1*3 cm. Ridges 12. Stdci 13. 

The organs are situated chiefly on the sides of the tongue, but 
the inner extremities of their laminsB and sulci extend on to 
the dorsum. Anteriorly and posteriorly they are continued by 
simple folds of mucous meipbrane. These characters are common 
to all the Gibbons and the Chimpanzee. 

The lateral vallate papillte are level with the laminai and ridges 
of the posterior halves of the organs, but they are not so far back 
as in the Gorilla or Orang-Outan, and not so far forwards as in 
the Chimpanzee and many other Gibbons. 

There are no lymphoid nodules with central pits on the base of 
the tongue. 

Hhcifrenum is short, and runs from the floor of the mouth to a 
triangular depression on the inferior surface of the tongue. 

The Siamang is the only Gibbon which has no bifid triangular 
sublingual fold through which Wliarton’s Ducts pass. The latter 
open on cariniculie sublinguales, as in the Oi'ang-Oiitnn, hut it was 
not at all clear if these were overlapped by plicae in the specimen 
which I examined. 

In the presence of the bare area on the base of the dorsal 
surface and in the characters of the openings of Wharton’s 
Ducts, the tongue of the Hiamang agrees with that of the Orang- 
Outan, and differs from the tongues of all the other Simiidse. 

Genus Hylobatbs. 

The Slender Gibbon {H, cbgiUs). 

I have not had the opportunity of examining the tongue of 
//. agiliSf but Flower (28) points out that it has the following 
characters 

1« The tongue narrows slightly from base to apex. 

2. The apex is obtusely rounded. 

3. The vallate papillie are small, irregularly placed, and adopt 
the y-formation» 

4^ Fitugiform papillsB are large and evenly distributed 

2 ^ 
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6. Conical papillse short and thick on the anterior part of the 
dorsum. 

6. Conical papillie at the base of the tongue large, soft, and 
pointed. 

7. Lateral organs distinct. 

-8. Sublingual fold bifid. 

The Hoolock Gibbon (E. hoolock), 

(Specimen No. J. 357.2, Mus. R.C.S.) 

The tongue is short, compact, and rough, and tapei*8 from base 
to apex (text-fig. C). 

Tlie apex is rounded and has no mesial notch. It bears conical 
and fungiform papilla?, but the latter are small and inconspicuous. 
The lateral borders are the same as in S, syiidaclylus^ but are 
Ahorter. 


The Papillas. 

Tiie papilke have the usual geneial distribution, but there is 
no smooth iion-papillary area at the bale as in S, syndactyly^. 

The Circmnvallate Papillrp. 

There are four vallate papilke arranged in the Y-form. Two 
are mesial, and there is a right and a left lateral papilla 
(text-fig. 6). 

The right and left lateral papilla* are level with the central 
laminie and sulci of the lateral organs. They are circular on 
plan and conical on elevation, the narrow ends being attached to 
the bottoms of the fossa?* The fossaD are plain, and the valiums 
are lobulated and surroiinded by conical papill?e. 

The two mesial papillae (text-figs. 6 & 9, 19) are close together. 
The anterior one is circular and the posterior one is oval on plan, 
and both are conical on elevation with the broad ends free. 
Both lie within a depression surrounded by a prominent lobu- 
lated ridge of mucosa, and tlie space between them and the latter 
is crowded with small cylindrical conical papillie. The fossie are 
not very prominent. All around the common lumpart there are 
conical papilke. 

The Fungiform PapiUcs. 

The fungiform papilla? are disposed over the whole of the 
anterior two-thirds of the dorsum. As many of them are con- 
cealed by the conical papillsB, it is necessary to employ a lens to 
detect them all. The largest ones on the dorsym are immediately 
in front of tlie vallate papilla?, but all the others are small* 
There are few on the lateral borders of the tongue* On the 
papillary zone of the wferior surface they are larger than any- 
where else. They occupy most of the zone beneath the apex, but 
farther back they are arranged in an irregular double row,* on 
which some of the papillae are hemispherical and others are 
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pedunculated. Some run into the lateral organs (text-fig, 6, 
FP). 

The Conical Papilhs, 

On the anterior two-thirds of the d&rewm the conical papillte are 
strong and coarse, and give the tongue a rough appearance. Their 
disposition in clusters and rows is not very clearly marked, but is 
maintained. Several groups are arranged in an undulating 
manner, and the points of the papillae point backwards, back- 
wards and outwards, or backwaids and inwards (text-fig. 6). 
They conceal several of the fungiform papillse. 

Text-figure G. 




The tongue of Ilylobatet hooJock, allowing the doraum, inferior aurfaco^ 
and right lateral organ. 

Behind the vallate papillce the tongue is covered with cylindrical 
cOnical forms. On the area lying between the lateral vallate 
papillsB and the level of the posterior pole of the rampart common 
to the two mesial vallate papillse they are small, but behind that 
level they are large, and many have strong single processes (text- 
fig, 9, 5). There are some small cylindrical forms anterior to 
the vallate papillie. 

The .char^ters and disposition of the conical papilla) on the 
sides and Inferior surface are the same as in all other Anthropoids. 

The iMeral Organa (text-fig. 6). 

£%ht organ: Length 1*2 cm, Ridgea 12. Svid 18. 

Left organ : Length 1*25 cm, Ridgea 10. StUci 11. 
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Both organs are convex inwardly and lie on the lateral borders, 
with the inner extremities of their ridges and sulci on the dorouxn* 
In the specimen (No. J. 357.2, Mus. B.O.S.) which I examined 
more of the left organ is on the dorsum, but that may be 
produced by mechanical distortion. Most of the ridges are sub* 
divided, and fungiform papillae invade the anterior ones on both 
organs. Simple folds of the mucosa lie anterior to each organ, 
and the lateral vallate papillae are level with the central laminae 
and sulci. 

The following structures are absent : — 

1. Large lymphoid nodules with central pits. 

2. Lytta. 

3. Plicae fimbriatae. 

4. Apical gland of Nuhn. 

5. Foramen ca*cnm. 


Th^frenum is of moderate length. 

The ventral mesial svlcus is narrow, deep, and lodges an antero- 
posterior crest. It runs back from the posterior border of the 
papillary zone to the triangular depression into which the frenum 


The bifid sublingual fold is not present in the specimen in the 
Museum of the Royal College of Surgeons, and the frenum passes 
straight from the triangular pit on the inferior surface of the 
tongue to the mucous membrane of the floor of the mouth. 


Th.3 Bornean Gibbon (//. mueUeri), 

The specimen described below was obtained from a female 
Gibbon from Borneo which died in the Society's Menageiie. 

Measurements, — Total length 6*5 cm. ; lejigth from the apex to 
the central vallate papilla 5*25 cm. ; length from the central 
vallate papilla to the epiglottis 1*25 cm.; width between the 
attachments of the anterior faucial pillars to the edges of the 
tongue 2*8 cm.; width of the apex 1*4 cm.; thickness at the 
central vallate papilla 1*2 cm. ; thickness of the apex *6 cm. 

The tongue is, therefore, long and narrow, and it is pig- 
mented. 

Pigmentation, — The dorsum in front of the vallate papillae is 
bluish black in colour, and the glistening bluish -black fungiform 
papillae appear prominently on it, as their colour is darker than 
the rest of the dorsum. The dorsum behind the vallate papillae 
is not pigmented, is white, and the lateral organs lie at its antero* 
lateral aspects. 

Tiie inferior surface has a central unpigmented area shaped 
like the head of a spear, whose apex reaches the posterior border 
of the papillary bounding zone. From the posterior extremity 
of the hastate central area a narrow clear band runs on each side 
to the lateral organ, and thus brings the clear areas of dorsum 
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and inferior surfaces into continuity. The i^est of the inferior 
surface is bluish black in colour. 

Apex , — The obtuse apex has a fine central notch. It bears fine 
conical papillee on the dorsum and lateral borders, and both 
conical and fungiform papilla) on the inferior surface. The 
conical papillec are of the cylindrical and filiform types, and the 
latter have their points directed backwards. The numbers of 
points differ greatly. 

Median eidci , — Median longitudinal sulci are present on both 
dorsum and inferior surfaces; The median dorsal sulcus runs 
back from the apex for a distance of 1*4 cm. The median 
inferior sulcus begins at a point *5 cm. posterior to the apex for 
l*fi cm., becoming wider as it goes, till it opens into a triangular 
area to which the frenum is attached. It is shut off from the 
apex by the papillary border. 

Lateral borders . — The lateral l)orders have fungiform and 
conical papillae. The latter are both cylindrical and filiform 
with their points directed backwards. 

The inferior surface , — The inferior surface is surrounded by a 
papillary border which is rough to the touch ; it varies in width 
from *2 cm. at the apex to *5 cm. at the lateral organs, so it 
becomes wider when it is traced backwards. It bears lx>th fungi- 
form and conical papilla). The former are arranged in two rows, 
of which the inner one consists of closely-set elenjents, but the 
outer papilloe are more discrete. There is, however, no disposi- 
tion according to size, for both row,s have diflerent sizes of 
members. The coniaxl papillae are cylindrical and filiform with 
their points directed backwards. 

Internal to the papillary bonier the mucous membrane is 
smooth and, with the exception of the mesial sulcus, funowless. 

Plioix fimbriatae^ lytta, foramen aecnm^ and the Apical gland of 
Nuhn are absent. 

The PapillflB. 

Papillae cover the entire dorsum, the apex, lateral borders, and 
a bounding zone of the inferior surface. 

The CircfumvaUate Pa^nllce, 

There are three vallate papillte arranged in the form of a 
triangle whose apex is in the mid-line posteriorly, and the vertical 
angle included is obtuse. Tlie lateral papillie, which arc simple, 
are *7 cm. distant from the compound apical papilla and 1*3 cm. 
from one another. 

The apical papilla is very prominent, is oval in shnpe with the 
long axis antero-posterior, and measures *6 cm, by *3 cm. Its 
fossa is narrow and iiTegular, and lodges two elements (text- 
figs. 7 9 , 17 ). These have smooth glistening bodies, and the 

anterior one has a small central depression. The entire series of 
elements is dumb-bell-shaped and the vallum sends small lobules 
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into its hollows. The vallum is finely lobulated. Perhaps this 
papilla has been formed by fusion of elements similar to those in 
the mesial limb of H. hoohck (text-fig. 9 , 19)* 

The two simple lateral papillae are ovoid, and the papillary 
bodies and valiums are gmnular (text-fig. 7 ). 

All the papillae are conical on elevation, the broad ends of the 
cones projecting beyond the valiums (text-fig. 9 , 17). 

The Conical PapiUoe (text-fig. 9 , 1-13). 

The conical papillae have the usual arrangement in clusters and 
rows of varying degrees of obliquity, and belong to the cylindrical 
and filiform series. Tlie latter have one or more points, all of 
which are directed backwards. Those shown in text-fig. 9 , 
nos, 1-5, have shafts circular on section, but the papillae (text- 
fig, 9 , 6 -8) are flat. 

Text-figure 7 . 



The tongue of Jlylohatet muelleri, 

a, central fungifonii papilla ; h, d, conical papilla* ; c, epiglottis ; /, papillary bounding 
zone of inferior surface; pjirt of fremim; », f renal lamella; mesial 
ventral sulcus : 7 , piginentjsl area ; r, unpigmented area. 

At the base of the tongue there are large conical papilloB whose 
points are directed backwards and inwards. Their surfaces are 
granular, and they may have ]>rouiinent secondary papillaa. They 
are not so well developed jus in the Gorilla and Chimpanzee, but 
their secondary processes are larger than in either of these 
animals. They are shown in text- fig. 9 , 9-13. 

The Pungifonn PapiUce (text- fig. 9, 14-16). 

There is little to note about the fungiform papillae.* They have 
the same type of arrangement as in the other Anthropoids, and 
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they are evenly distributed. They are most numerous behind the 
npex on the dorsum and inferior surface. 

The Lateral Orgam. 

The lateral organs, as in the Chimpanzee, lie on the sides of 
the tongue, with the upper ends of their fissures and ridges pro- 
jecting on to the dorsum (text-fig* 7). Each organ is convex 
inwards, and has both plain and subdivided ridges* The two 
organs are compared as follows ; — 

Bight organ: Length'^ cm, Aiefgs# 12. Sulci 13, 

Left organ : Length *9 cm. Ridges 11. SuUsi 12. 

The middle ridges and sulci of the lateral organs are level with 
the lateral vallate papillte. 

Lymphoid Tissue, 

Small and large lymphoid nodules are present on the base of 
the tongue, and some of the large ones have central pits which 
are, however, larger than in the Chimpanzee. 

The Frenum, 

The frenum is short and thick. It runs from the upper surface 
of the sublingual fold to be inserted into a triangular depression 
on the under surface of the tongue and from its under surface to 
the floor of the mouth. 

The Sublingual Fold, 

The sublingual fold is triangular, and has a bifid apex and 
crenated edges. 

The White-handed Gibbon (H, lar), 

I examined two preserved specimens (Nos. J, 357.1 & J. 357.2) 
in the Museum of the Royal College of Surgeons. The former is 
oval in shape and the latter is conical, but the differences in form 
are possibly due to varying degrees of muscular contracture. 
Tliey both differ also in the character of their papillae and lateral 
organs. Unless differences ai*e specifically stated here, the 
characters described ai'e common to both. 

The apex is similar to that of S, syndaetylus. 

The lateral borders are full and round^. They possess both 
conical and fungiform papillae, and the latter are very prominent ; 
some are hemispherical and others are pedunculate. At their 
posterior extremities the lateral organs are situated. 

No mesial sulci are present on any part of the dorsum. 

The Papillas. 

The papilla have the same distribution as iu H, mmUm and 
H, hoohek^ and there is no smooth area on the base of the tongue 
as in S, syndaetylus. 
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Ths Circumvallate Papillm. 

In specimen No. J. 357.1 there are four papillie arranged in the 
Y-formation. These are so disposed that tliere is a right lateral 
papilla, a left lateral papilla, and two 'mesial papillse — anterior 
and posterior. All are small in size. 


Text-figure 8. 







The tongue of Hylohates tar. 

Two forms are shown, with dorsum (upper row) and inferior surface (middle row). 
The figures R and L are lateral organs of the figure ou the right hand, and 
‘ the unmarked lateral organ belongs to the left one. 

The lateral papillae are oval and subdivided into two by fissures, 
and the valiums and fosste are not very obvious. 
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Th« mesial papillae are Bmall^the vallum of the anterior papilla 
consiste of two crescentic ridges, and the vallum of the posterior 
papilla is large and fusiform* 

The Fungifm*m Pa/piUoe. 

The fungifoim papillae have the usual disposition in rows and 
clusters. They tub^rculate the apex. There are few on the 
lateral borders, but they are numerous and prominent on the 
anterior part of the papillary zone of the inferior surface. They 
vary in prominence in different tongues, and the degree in which 
they are concealed by conical papillee also varies. There is a 
prominent cluster immediately in front of the vallate papillsB, and 
some invade the vallate Y and are hard to distinguish from 
them. 

The Ctmicdl Papillce. 

Most of the conical papillce are of the filiform type, and have 
the usual type of ari'angement on the dorsum, lateral borders, and 
inferior surface. Their points are directed backwards, or back- 
wards and inwards, and they increase in size from before 
backwards and without inwai^s. They conceal the anterior 
fissures and ridges of the lateral organs. 

At the sides of, and posterior to, the vallate papillary Y they 
become large and oval or round, with the apices directed back- 
wards and inwards, and the round ones have each a long central 
spine. * 

The Lateral Organs. 

Specimen 1 (text-fig. 8, K. & L.). 

Right organ ; Length *8 cm. Ridges 5. Snlci fi. 

Left organ ; Length *8 cm. Ridges 4. Sulci 5. 

Specimen 2 (text* fig. 8). 

Right organ: Length 1*2 cm. Ridges 10. S'idci 11. 

Left organ : Length 1*25 cm. Ridges 10. Sulci 11. 

The lateral organs differ in character in the two specimens. 
In specimen 1 there are six or five sulci appearing as slits 
running obliquely forwards and upwards, and the intervening 
laminse are coarse, short, and not greatly raised above the level of 
the surface of the tongue. In the second specimen the organs 
have the appearance usual in all the other Gibbons. 

The following structures are absent : — 

1. Lymphoid nodules with central pits. 

2. Lytta. 

3. Foramen caecum. 

4. Plicae fimbriatie. 

The sublingual fold is triangtilar in 8hap4 with a bifid apex. 
From its upper surface the short frenum passes to the Inferior 
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turfRce of the tongne and from its under surface to the floor of 
the mouth. 

The vmtral mesial siiicue begins anteriorly at the posterior 
border of the papillary zone. It is narrow and deep, and lodges 
a small median crest. 


Text-figure 9. 

A JL ff 7 a 9 to It It- 13’ 
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Papillaa of the Gibbons. 


1-13, conical papilla; 14-16, fungiform papilla ; 19, vallate papilla) of S. hootock. 


Summary and Oonolubioks. 

1 . Apical notches and mesial dorsal sulci are more frequently 
absent than pi'esent, and are of no particular value for compara- 
tive purposes. 

2. The lateral borders have the same diameters as regards 
papillae in all forms. In the Chimpanzee and Gibbons they lo lge 
the greater part of the lateral organs, but in the Gorilla and 
Orang they only lodge a small part. 

3. The vallate papillae are usually fewer than in Man (7-12). 
In the Orang they are in V-formation, but they usually assume 
the Y-type in others. Compound papillae are common.. 

4. Filiform papillae are the predominating type of the conical 
group on the anterior two-thirds of the dorsum. 

5. The long conical papillae on the base are largest in the 
Gorilla, smaller in the Chimpanzee, smallest in the Gibbons, and 
absent in the Orang. 

6. Only the Orang and Siamang have smooth non-papilinry 
areas on the base. 

7. Plicae fimbriatsD are absent in the Gibbons. 

8. Median ventral crests occur in the Gorilla and some 
Gibbons. • 

9. The Orang and Biamang have no triangular sublingual fold, 
but all the other Simias possess one. In the Gorilla the apex is 
entire, but in all the rest it is bifid. 
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10, Only Man and the Orang have the Apical Gland of Nuhn, 

11. The tongue of the Orang resembles that of Man more 
closely than any other one does, and the tongue of the Bornean 
Gibbon resembles, in many ways, those of the Oercopitheques, 
which will be described in my next paper, 

Bibliogbafht, 

The numbers included in round brackets correspond with those 
in Professor Arthur Keith^s “ Introduction to the Study of the 
Anthropoid Apes” (Natural Science, vol, ix. 1896, Rep. 1897). 
Those included in square brackets refer to the following papers 
not mentioned by Professor Keith : — 

1, Munch. — Morphol. Arbeiten, Bd. 6, pp. 605-690. 1896. 

2. Boulart a PiLLiET. — Joum. de I’Anat. et de la Physiologie, 

Paris, 1885, p. 337. 

[I was unable to see the character of the part of the frenum 
running between the inferior surface of the frenal lamella and 
the door of the mouth in the specimens in which I have not 
specifically described this part.] 
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2. Note on the Capture (in London) of a rare Parasitic Ply, 
Uammomyia [llylephila) unilineata Zett. By Lt.-Col. 
S. Mohokton Copeman, F.R.S,, M.D., F.R.C.P., F.Z.S. 

[Received October 14, 1920 : Read February 8, 1921.] 

(Text-figure 1.) 

The exceptional rarity of thi8 fly, of which I have had the 
pleasure of presenting to the British Museum (Natural Hisi^ory) 
the only specimens in our national collection, affords reason for a 
record of its capture in considerable numbers in London (Prim- 
rose Hill) during the |)ast two years, for some discussion of its 
nomenclature, and for a brief account of its seasonal prevalence 
and habits so far as they are at present known. 

In a previous communication 1 have set out some facts as to a 
flourishing colony of a burrowing l)ee (Andrena fulva) on a 
localized area on the south-western slopes of Primrose Hill, 
which has been kept under observation over a period of six years, 
during the latter half of which period the number of individual 
burrows has, for reasons which were explained in my previous 
paper, inci'eased to a considerable extent. It was while watching 
the opei*ation8 of the bees on an outlying portion of this colony, 
on May 16, 1919, that, for the first time, 1 observed and obtained 
specimens (two in number) of a fly which, from its actions, 
wliich I studied carefully for some time, is apparently a parasite 
of the burrowing bee. 

On the morning (al)out 10 A.m.) of this day, which was bright, 
without obvious breeze, I was lying motionless on the grass 
watching the bees lejiving and returning to a collection of burrows 
on a small patcli of bare earth, when my attention was attracted 
by a homewai'd-bound bee, which, on approaching its burrow, 
dived stright down into it, instead of, as usual, hovering around 
for several seconds before doing so. As it approached, 1 noticed 
that it was followed by a couple of flies, of a species unknown to 
me, which appeared for the moment to be as astonished as I was 
at its precipitate retreat into its burrow. After what looked like a 
fight with one another for a few moments over the surface of the 
ground, one of them followed the bee down into the hole, re- 
appearing almost immediately, and then again descending into 
the burrow, this time backwards. Meanwhile, the second fly 
remained on guard outside. When the first fly at length emerged 
head foremost, l>oth of the flies were eventually trapped in a 
match-box, a net not being available at the time. But unfor- 
tunately one of them managed to escape before they could be 
taken home and killed. The remaining specimen was despatched 
at once to Major E. E. Austen, D.S.O., at the British Museum 
(Natural History), with a request for its identification, as the 
species was unknown to me. Under the oircumstanees, it may 
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be of interest to quote from Major Austen’s reply, of May 17th, 
1219, as follows: — 

“ The fly enclosed with your letter is a most interesting thing, 
and I am more than sorry that I have been unable to name it 

for you The species of the genus Miltogramma (fain. Tachio 

nidae) and its nearest allies behave exactly as you described, and on 
more than one occasion I have watched one of these flies stalking 

Text-figure !• 



M^mmomgia (Sgl^phUa) uniliwata Zott., $ . 

(The mark in the oontro of the thorax is due to the fly having been 
pinned before the photograph was taken.) 

Magnified XlO. 

a solitary bee as a stoat does a rabbit — moving when the bee 
moved, stopping when the bee stopped, and so on. Judge of my 
gorprise, therefore, when, on opening the box, I found an insect 
such as, to the bast of my belief, in nearly thirty years’ experience 
of Dtptara* I bs.ve never seen before ! The species undoubtedly 
balo^ to the Anihpmt/idcB — not to the Tachinidte, — but is aber- 
rant in more than one respect. It is not represented either 
in omr own coUsstion or in the series presented by the late 
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Mr. Verrall (the result of some fifty years^ collecting). My col- 
league, who works at Diptera, does not know it, and 1 have spent 
some hours .... trying to work it out with books etc., but without 
success. It is a most surprising thing, especially in view of the 
locality. I hope that you will be able to secure more specimens, 
and of both sexes.*’ 

Mr. Austen, at first, was of the opinion that the sex, not only 
of this particulai* fly, but also of each of a number of similar 
spbciuieus that 1 was subsequently able to send liiin, was male^ 
hut when, later on, at the suggestion of Mr. Collin, who had 
learnt of my find through Professor Poultou (to whom I had given 
some specimens for the Hope Oolleiition at Oxford), one of the flies 
was dissected, leading to, the discovery of a perfect egg, it became 
oi)viouR that tlie flies that htvd been capture<l must be females. 
Auil it is a curious and interesting fact that among al)out fifty 
specimens of this fly which have l)een caught (all in the same 
locality) up to the end of their seasonal prevalence in the early 
part of June of the present year (P.)20) not a single individual 
of the male sex has been secured. J leaiiied, however, from Mi*. 
Collin that he now possesses three specimens of tlie male in- 
sect -two taken by the llcv. A. E. Eaton at Beaton (Devon) ami 
the thinl taken by himself at Long Hutton in Hampshire, all in 
May 1919, curiously enougli the sjime year and month in which 
the first sjiecimens (females) were found by myself on Primrose 
Hill. Mr. Collin further informe<l me that he possesses female 
specimens from the following localities “ Newmarket, Hhoehury- 
ness, and Duusford (all June captures); Cuckmere (Sussex) 
taken in May ; au<l n specimen taken by Col. Yerbury’ at 
Charltoii in April. 

Tlie difficulty as to tlie sex of my first captures arose from the 
masculine character of the approximation of the eyes, which is the 
cause of the very narrow froiis,” wliicli, liowevei*, appears to be 
peculiar to, and distinctive of, the female in this group of An- 
thomyids - a feature which is well .shown in the photograph, and 
which, so fai* as 1 am aware, has not previou.sly been illustrated. 

Nomenclature. — As stated above, Major Austen and his col- 
league in the Diptera department of Hie British Museum (Natiaul 
History) were unable, at first, to identify this fly, but on calling 
there on May 28th, 19 1 9, with some further captures, Major Austen 
informed me that Dr. P. H. Griiiisbaw of the Royal Scottish 
Museum, who had recently paid him a visit, had stated, when the 
specimens were shown to him, that he recognised the fly, iden- 
tifying ic as Chortophila hiiccaia Fallen, although the .species was 
not (as Major Aus^n understood him) included in the Scottish 
collection. 

Shortly a.ftei*warils Professor Poulton arrangtMl with Major 
Austen that Mr, Collin should be afforded opportunity of 
examining the specimens I had presented to the Museum, 
for the rea-son that, as Mr. Collin informed me, his uncle, the 
late Mr. Verrall, had suggested that a fly, apparently identical 
Proc. Zool. Hoc, — 1920, No. II J, 3 
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with mine, simuld be known as llammomym unilimcUa Zett. 
rather than //. {Ghortophila) hmcata Fallen. 

Subsequently Mr. Collin wrote to me that he possessed several 
continental specimens of II, hmcata Fin., including a ptur so 
named by Zetterstedt himself, and that he was of opinion that 
these were abundantly distinct from the British species, which is 
undoubtedly Harnmomyia (HyUphila) unilineata Zett. Further- 
more, he kindly directed attention to the fact that in describing 
unilineata Zetterstedt wrote “ FeminsB ad nidis Andraenarum 
inveritae, in quarum larvis larv® hujus speciei Ariciee verisimiliter 
paraaita^ vivunt observante D. Professore Wahlberg.” Appa- 
rently, therefore, hmcata Fallen requires confirmation so far 
as our British fauna is concerned, as Mr. Collin is convinced that 
he has never seen a British specimen of the true hmcata. 

Seasonal Prevalence. — As stated above, my first specimens of 
this fly were captured on Primrose Hill on I5th May, 1919. On 
the same circumscribed area of gi*ound 1 caught ten more speci- 
mens on May 19th, ten on May 20th, and seven on May 21st. 
Then, after an absence from town of several days, a further seven 
flies were cjuight on May 27th and three on May 29th — at 
which date I had again to leave home for about a fortnight. 
Just before my return the fine weather gave place to min, 
acoompanie<l by a considerable fall in temperature, with the 
result that, subsequently, neither bees nor flies were to be found, 
notwithstanding careful search on several successive days. 

It may be mentioned that, in 1919, Andrena bees were first 
seen on May 6tli, a warm and sunny day, when a number of 
males, which always emerge before the females, were Hying 
about ; while females were not found, with the exception of one 
or two solitary specimens, until several days later. 8o that, as 
might be expected in view of what is known as to the pavfisitisni 
of the fly in question, it is obvious that the sefisonal prevalence 
of the female of both fly and bee tallies closely. 

In consequence, doubtless, of the abnormal meteorological con- 
ditions during the present year (1920), both bees and flies appcjired 
at an earlier date than in 1919, the first flies, three in number, 
having been obtjiined on May 11th. Careful search was made 
for 'inoble specimens of the fly, but again without success. By 
the end of May both l>ees ami flies had disappeared. 

It will be noted that, with some exceptions, the specimens of 
the fly in Mr. Collin’s collection were captured in the month of 
May — the month during the latter half of which, as my obser- 
vations on Primrose Hill, extending over a period of several 
years, have shown, the female of the bee Andrena fulva is 
more particularly prevalent. 
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3. The Bases of CJassification of the Theriodontia. 

By D. M. S* Watson, F.Z.S., University College, London, 

[Received October 10, 1920: Read B\)braaiy 8, 1921.] 
(Text-figures 1-29.) 

Among the first series of reptiles from the Karroo system 
of Houth Africa sent home by Andrew Geddes Bain were a few 
poor fragments of animals with a heterodont carnivorous denti- 
tion. Later collections from the same rocks included more 
satisfactory remains of these animals, which were described by 
Owen, who recognised their mammalian appearance and despite 
his ante-evolutionary views even suggested that they were mam- 
malian ancestors. Prof. Heeley^s visit to South Afidc^i marked 
a turning-point in oui* knowledge of these reptiles, because ho 
showed that their remains were found in rocks -of widely difterent 
ages, and that the latest assemblage — l}iadeinodon^ GynognathuSi 
and IhiracJiodon — were more mammal-like in theii* dentition than 
were their earlier forerunners. He showed also that they pos- 
sessed a mammal-like secondary palate, but failed to arrive at a 
satisfactory interpretation of that region in the less complete 
remains of the earlier forms known to him. Neither Owen, 
Beeley, nor Lydekker was able to di*aw up any useful classification 
of these reptiles on account of the paucity of material, and tho 
first definite step in so doing was made by Broom, when in 1904 
he showed that Soylacosattrus scktteri^ a foiiu fi*om the lowest 
zone of the Beaufort beds, differed from the ‘‘ Oynodonts of 
tlie highest zone of that formation in lacking any trace of a 
secondary palate. 

Subsequent work by Broom added many new’ genei ic types to 
those included with Scylacosmfrm in that primitive division of 
the carnivorous Therapsids whose members lacked a secondary 
palate and had uncusped molar teeth. This division Broom 
made into an order and called Therocephalia. 

No further importfiut additions were made to our knowledge 
of the skull of any of these reptiles till, in 1911, the writer gave 
a very detailed account of the skull of l>iademodon and Broom 
a more general description of the skull in all the Oynodonts. 
The first important addition to our knowledge of the earlier 
Theriodonts was the description by the present author of the 
posterior half of a skull from the OiatecepJudus-zone, which 
agreed with Oorgonops in having a broad parietal region, the 
parietal bone being excluded fi’om the margin of the temporal 
fossa. In the same paper some of the more salient features of 
the palate of Qm^gonops were desoiibed, and it was indicated 
that the form showed the beginnings of the Cynodont secondary 
palate, the skull known as ArctogmUhus mrvimola showing an 
intermediate condition. Whilst 1 was writing this pa.per in 

3 * 
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London, Broom in South Africa was describing two very com- 
plete Glorgonopsid skulls, one associated with Uie anterior part 
of a skeleton. Of these skulls Broom gave a good description, 
bringing out the whole structure of the face and parietal region, 
but not giving us so satisfactory an actJount of the palate and 
occiput. Broom, sometimes in conjunction with Haughton, sub- 
sequently added many new and often strange forms to the (:3or- 
gonopsida^ — on the whole, emphfisi/.ing mther their resemblance 
to the J3eiuocephalia and Dicynodontia and even Pelycosauria 
than those wliich they show to the Cynodontia.'’ In 1914 J 
was able to show tliat known Gorgonopsids could be imanged 
as a morphological series giving a gradual passage in the 
structures of the occiput, and of the basicranial and otic regions 
between Dhmtrodon a Pelycosauj* and Diademodon a ‘‘Cynodoiit.” 
In the same paper 1 described the palate of tlie Oyiioilont 
Bauria^ showing that it diflere<l much from tlie Cynognathids 
and resembled tlie non-Clorgonopsid Theriodonts with a primi- 
tive palate more than the (Jorgonopsids. In consequence, purely 
as a temporary measure, I revived the order I'heriodontia and 
divided it into four sub-orders — the Therocephalia, the (lor- 
gonopsia, the Baurida?, and the (Jynodoniia. Hince tliat paper 
was written, Haughton has published descriptions of <;ertnin new 
forms and made important new additions to onr knowledge of 
the brain-case of the earlier Tlieriodonts. In his most recent 
piper he uses provisionally my 1914 classification, emphasizing 
its insufficiency. 

In revising a paper on the relative ages of tlie Palieozoic and 
Triassic reptile- bearing rocks, ivliieh has occujded me at intervals 
for some years, 1 was force<l to deal with tlie problems piesented 
by the fauna of the copper- bearing Permian sandstones of tlie 
Orenbiiig district of the Urals. One of the most noteworthy 
forms from this locality is Hhop(dodo7i, an animal whose skull, 
which alone is certainly known, presents many resemblances to 
tlie Gorgonopsids. The necessity of discussing the systematic 
position of this form led me to an examination of all the 
Theriodont material available, with the results which are set out 
below. 

It is convenient to begin with a description of the material at 
my disposal, then to dii-cnss the morphological results which 
arise from it, and, finally, consider the evolution of the group 
and the relationship of Denierosamme to it. 

Arctops winusTUNi Watson, Proc. Zool. Boc. 1914, p, 1026. 

Type and only known material : a skull lacking the anterior 
part of the snout, the qua^lrates and quadrate rami of the 
pterygoids, otherwise complete ami practically midistorted. 
From Howse Post, near Fort Beaufort, H. Africa, not imfirobably 
ENDOTHioiXiN zone. 

1 described and figured tlie occiput and basiciuiiial region in 
tlie original description. 
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Al'ctope has a depressed and very massive skull, the snout, 
when broken off about o cm* in advance of the orbit, being 
rectiliuefu* in section, bounded by a straight doi’sal surface which 
passes somewhat abruptly into straight, ne!irly vertical, lateml 
surfaces. The orbit is small, plticed high in the skull, and nearly 
laterally directed ; its upper margin is continued forward by a 
ridge separating the dorsal surface from the lachrymal region, 
which is excavated into a shallow depression, 'fhe interorbitsl 
region is very wide, forming a fiat surface hounded laterally by 
shallow bays over the orbits. 


Text-figure 1. 



ArHops ivillistom Watsoiu T3"p(‘.skull. 

Dorsal aspect. XS. 

H.Ocm Iwisioecipitril ; niterpttrietal ; Hqiiamosul ; Tab., tiibuUr. 


The parietal region, also flat, is even wider than the interorbital 
surface ; it separates the very small temporal foss»p whicl) face 
more lai’gely lateriilly than dorsally. The occipital surface is 
very wide and is separated from the parietal by a sharp corner. 
The squamosal is small, consisting mainly of a vertically standing 
plate passing directly outward from the end of the massive 
paroecipital process. The {>osterior surface of the bone at this 
articulation is produced lxK*kwar<ls into a ridge which forms the 
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inner wall of tlie aiiditoiy groove. Sutures over the oUtef 
surface are not clearly recognisable. 

I have alread}" described the basicranial region, but would 
again call attention to the flat, laterally directed, plate4ike basi- 
pterygoicl processes. The narrow ridged girder formed by the 
parasphenoid and pterygoids extends forward to the front of the 
orbit, where it suddenly passes into the wide posterior end of the 
palate. The pterygoids pass outward to form thick downwardly 
directed flanges, not very deep when compared with later forms, 
but of great an tero -posterior extent. 1'he middle region of the 
posterior part of the palate forms a slightly raised area separating 
two concavities, whose surface lies mainly on the ectopterygoids, 
large square hones which only take a small part in the great 
flanges, Tlie middle part of the palate forms a shallow groove 


Text-figime 2. 



\ 


Au.Gr. B.5p. 


Arctops wiUlstoni Wtitson. Type-skull. 
Rii?ht lateral aspect. Xh 
B.Sp,, bnHis])lienoid ; Pt., pterygoid. 


beginning at the extreme posterior end and running forwards to 
the posterior nares. At alx)ut the level of the anterior end of 
the ectopterygoid, this groove is overhung by a pair of small 
processes rising from the pterygoids. Further forward the* floor 
of this groove is cut into by the narrow slits whicl* represent the 
posterior ends of the posterior nares. Tliese are separated by 
a narrow bar of considerable vertical depth. The structure of 
this bar is not quite • certainly determinable, but on the curved 
fracture which forms its present front termination it is certain 
that its upper surface consists of a pair of ridges separated 
by a pa rail el -sided cleft not more than a millimetre wide and 
nearly a centimetre deep. From this slit a suture seems to be 
continued on to the palate. Further hack two lateral ridges are 
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added to the original pair, the gaps between them l>eing also 
apparently continued as sutures on to the palate. Thus the 
posterior part of the bar separating the internal nares seems to 
be built up of two pairs of bones, of which the outer terminates 
not far in front of the postei-ior ends of the nares. It is probable 
that the inner pair are prevomera and the outer the anterior ends 
of the pterygoids, which hence form a part of the border of the 
posterior nares. 

Text‘figure 3. 



ArctoTpt willistoni WfttBon. Type-skull. 

Palatal aspect. X f . 

Kc.Pt., ectopterygoid ; Pab.Oc., paroccipital ; Pt., anterior end of pterygoid ; 
F^.V. ?, prevoraer, posterior end of internarial bar. Parts in broken lines 
restored without <»vidence. 


OoRGONOPS TORVUs Owen, Oat. S. Afr. Rept. 1876. 

Type: a skull with the zygomatic arches broken away, the 
basis cranii only represented by a fractured suiface pai?«ing 
horizontally thi-ough the basisphenoid. The paroccipital pro- 
cesses only represented by the impression on the matrix of the 
anterior face of that of the right side, the posterior part of tlie 
palate represented only by the impression of its dorsal surface. 
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Otherwise the skull is complete and, on the whole, extremelj^ well 
preserved. It is represented by beautiful juhI most accurate 
lithographic d)*awings in Owen’s (catalogue. From Mildenhals, 
Fort Beaufort, Another more eompl(»te, but less well-preserved, 
skull from the Endotkiodon-mw. of Beaufort West is in the 
American Museum of Natural History. 


Text-figui*e 4. 



Qorgonop$ torvutt Owen. Type-akull. 

Dorsal aspect. Xf. Parts in broken line rostorod without evidence. 

PBm frontal ; I.Pab., interi>arietal; Pb.Fr., prefrontal ; P.O., postorbital ; 

Pt.Fh., postfrontal ; S.Mx., scptomaxilla j S.Oc., supraoccipital. 

The skull of Oorgonops has a flat dorsal surface, which passes 
through a chamfered corner into the nearly vertical sides of the 
snout. The orbit is large, directed almost entirely laterally and 
of considerable depth. Jnimediately in front of it the snout is 
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nearly sq^uare in section, the lachrymal region being excavated 
into shaltow hollows overhung hy a thickening of the prefrontal, 
which forms the latci'nl hfjrder of tlie flat dorsal surface. Further 
forward tho snout heco]nes deejau*, tlie nearly flat lateral surface 
passing by a rounded corner into the dorsal surface. There is a 
long broad swelling on the maxilla over the root of the canine. 

The interorbital and parietal regions are both very broad, the 
latter passing smoothly into the broad occipital surface. The 
part of the occiput preserved consists mainly of the vei-y broad 
interparietal, whose sutures with the t‘ibulars are shown. The 
supraoceipital has only a very shallow exposure below the inter- 
parietal. A peculiar feature of this skull is the irregular sliai)e 
of the pineal foramen and the fact that that opening is raised 
on a little column standing up above the general level of the 
parietal region. 


Text-figure 5. 



Gorqonopfs lo7*vint Owen. Type-siM‘cimen, 

Rifdit lateral asp^n^t. X^. Parts in broken lines restored without evidence. 

JCm juj?ul ; Lac., la^dirymal ; Mx., maxilla; P.Mv., premaxillii. 

The general structure of the dorsal and lateral surfaces will be 
best understood from text-figs. 4 <fc 5. The cruciform shape of 
the pair of frontals is noticeable. 

The structure of the external nostril is very well shown in the 
specimen. The dentigerous part of the premaxilla is deep, and 
articulates directly with the anterior end of the maxilla, which 
overlaps on to it. The dorsal surface of tlie two bones is the 
lower margin of the nostril and forms the emplacement of the 
septomaxilla. Behind the nostril the maxilla rises to a long 
sutui*e with the facial part of the septomaxilla ; behind this bone 
it reaches the nasal. The nasals form a slightly coved I’oof to the 
olfactory chamber and reach forwar<l almost to the end of the 
nose, where they terminate in a nearly straight margin, from the 
middle of which arises the narrow process which articulates with 
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the facial pi^ooesses of the premaxilla. The facial part of the septo- 
luaxilla aiticulatea with the lower margin of the nasal, but the 
two bones separate before the nasal terminates, so as to leave 
that bone overhanging the nostril like the eaves of a roof. After 
its sepamtion from the nasal the septomaxilla prfsses downwards 
and gives off a process from its anterior bordc^r, which passes 
inwards towards the middle line, following the curve of the 


Text-figure 6. 



Oorffonopt torvus Owwii. Type-apwnnei). 

Palatal iwpect. X^. Uiisliadfd »ir«i8 Kurroumled by continuous present 
but mutilated, broken lines parts restored without ovidenc(\ 

P.V. ?, intemarial bar, ? prevoinei-s ; Pal,, palatine ; Vo,, " vomer.’* 

anterior border of the nasal. The lower part of the septo- 
maxilla is a rounded column, swelling out to a base which rests 
on the premaxilla. 

I have already (1912) given an account of the general features 
of the palate of Gorgonops, but, as further study of the specimen 
in the light of other material htis enabled me to make out some 
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into vesting features not previously recorded, I give here ft more 
detailed description. The premaxilla lias a narrow dentigerous 
surface, with five sockets for the roots of the incisors ; above the 
border the bone tluckens, forming a deep wall, from whose ad- 
median half the palatine pi'oeess anses ; this is at first a flat 
expansion, but soon becomes a rounded, backward ly directed 
tubercle, separated from its fellow an<l resting in a groove on the 
lower surface of the “ prevomer.” The internarial bar is a narrow 
rod which anteriorly is comparatively wide. Anteriorly its 
palatal surface bears a median ridge which separates two channels 
bounded by other lower ridges, which form the lateral borders of 
the bone. Further^ back the lower surface of the bar* becomes 
flat, and the whole of the posterior part is only represented by a 
broken surface, which probably originally suppoited a deep 
median ridge. 

The internal nares are very large openings bounded by the 
premaxilla in front, w’here they are very wide, and contracted 
posteriorly by the thickening of the maxillfe necessitated by 
the large sockets for the canines. The maxillie form their 
outer borders for some distance and are then excluded by the 
palatines. Finally, the posterior border is formed by the semi- 
circular margin of a bone whose nature has to be discussed. 
Between the internal nares and the pterygo-parasphenoidal bar 
the palate forms a large area of complicated shape. The height 
above the lower margin of the premaxilla at which the palatal 
processes start, and the deep step in the lower border of the 
maxilla just in front of the canine make the ventral surface of 
the internarial bar lie much dorsal to the lower edges of the 
maxillie in the cheek-region. Thus at the back of the nares the 
palate is very much vaulted. Behind the canine the palatal 
exposure of the maxilla, which bears no trace of cheek-teeth, is 
very broad and its admesial surface forms a deep vertical plate. 
This surface when followed caudally passes into a similar face 
carried by the palatine, which stands almost vertically, tightly 
attached to the maxilla by an obvioiis and deeply inteniigitated 
suture, and with its lower edge forming with that bone a broad flat 
face in the area where cheek-teeth would naturally be expected. 
These teeth must have been functionally replaced by a hard gum, 
possibly corn i fled so ris to form a crushing plate. 

The wide groove formed by the palate at the posterior end of 
the internal ns res is rapidly divided into three, each groove of the 
lateral pair is deep and narrow and cylindrical ; it shallows 
rapidly when traced backwards, Anally becoming flat when it 
reaches the ectopteiygoid. The bottom of the lateral groove 
has a suture rimning the whole of its length, which is completely 
expoi^d on the right side, but concealed by matrix except for its 
anterior end on the left side of the type-skull. This suture, 
which seems to be truly a suture and not a crack, unites the pala- 
tine with the pterygoid, which bone hence forms the posterior 
margin of the posterior nares. 
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The middle gi’oovo of this |»aTt of the palate becomes narrower 
as it is tniced backward, hut remains deep. Its hinder end is 
separated from the laterjil gr(K)ves by triangular raised areas, 
whiclj aie roughened, but seem not to bear teeth. 

I'he internarial bar is continued buck into tins part of the 
palate as a narrow slip sepamted from the pterygoids by a pair of 
opeii and very obvious sutures. These sutures rapidly approach 
and fuse, being continued backwards by an obvious median suture 
for about 5 ram. This open suture, with a visible strip of matrix 
in it, then suddenly ends and is with certainty not continued 
backward in tim middle line.. It is, however^ apparently replaced 
by a pair of much less obvious sutures, between an overlapping 
median bone and the pterygoids, which pass outward to the 
margins of the median groove and seem then to be continued 
l)ackward by still less obvious sutures running along these 
borders. Further back the wide, essentially flat palate gives 
origin to the descending flanges. The ectopterygoids are separated 
by obvious sutures and are comparatively small bones not taking 
any large part in the flange. 

The palate of Gorgonops thus seems to show large pterygoids 
reaching forward to the posterior naresand widely separating the 
palatines, wliich are small bones simply continuing the ectoptery- 
goids forward. In that part of the palate which lies in front of 
the transverse flanges the pterygoids do meet each other for a 
very small distance in the middle of their length, but posteriorly 
are separated by a me<lian vomer and antoriorly by the posterior 
end of the internarial bar which is clasped between their distal 
ends. Tliere is no evidence to show whether or not these two 
median bones are ref illy se|mrated, but as the anterior passes 
dorsal to the pterygoids, whilst the other overlaps their ventral 
surface, there is great probability that they do not represent parts 
of the same element. 

SoYMNOGNATHUS WHAiTSi Broom, Proc, Zool. vSoc, 1912, p. 861, 

Type: a figured skull, nearly complete, but considerably 
crushed and showing little of the structure. Other imperfect 
skulls and other bones. 

The individual of which, under the name of Scymnognathtts 
whaitsi, I descriljed the lower jaw (1912) and the brain-case and 
occiput (1914), does not belong to this species, and is described in 
this paper as a new genus and species. There are in the British 
Museum three specimens of S.whaitsi: — R. 4053 collected by the 
Rev. J. H. Whaits, as a very large number of small fragments 
which, fitted together, form a skull from the fx'ont of the orbits 
backwards with the pro-atlas and atlas in position, the anterior 
end of the snout and a maas of separate fragments representing 
the major part of the face ; of these a small bib of the posterior 
part of the palate is of great morphological interest. The 
back of the skull built up from these remains is quite un- 
distorted and lias been very completely developed, now showing 
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the whole lateral surface of the brain-case, the structure of the 
zygomatic arches and roof of the skull and occiput with great 
perfection. It is in many ways the best Uorgonopsid skull 
known. 

B, 4052. A skull retaining a well-preserved and only slightly 
sheared snout, with a umcli crushed iiosterior [)ai't, permitting 
the dehnite identification of R. 4053. 

49369. A snout, somewhat distorted and not very well pre- 
served which has been cut into slabs. It agrees well with the 
corresponding part of il. 40.52. 

All the material of Sci/mnoynathus tnhaitsl comes from the 
/fJtulothiodou-'Aone of Beaufort West. The skull, as a whole, is 
remarkable for the marked distinction between the relatively 
narrow snout and paJate and the wide post orbital region. Owing 
to this shape, the orbits look as mucb forward as outwaiMl. The 
temporal fossa* are very large and facje more upwards than out- 
wards. Tim parietal region is, in consequence*, narrow and the 
imci])ut deeply cupped, owing to the ])ackwa.rd swing of the 
Mjuamosals from their union wiUi the postorhitals. 

'riie snout is much more rounded than in Goryonops ov Arctops, 
although towards the orbits it is still somewhat “ s(piare-ciit.” 
I'he external nares closely re.semhle those of (ioryonopH^ and there 
is tlie sjime step between the lower edges of the premaxilla ami 
maxilla. 

TJie structui'e of the <lorsal and lateral surfaces of the skull 
are obvious from text figs. 7 & 8, but it is necessary to give some 
account of the biuiii-case and palate. 

The hiisioe,eipit4d is fused with the exoccipital ami paroecipital, 
ami its suture with the l«isisphenoid has been destroyed by 
a. fracture. It is a long narrow bone, terminating behind in a 
single eoudyle, which is probably partly exoccipital. This condyle, 
!is seen in seetion, is much wider than it is high, the doi-sal sur- 
face being excavated by the lower part of the foramen magnum. 
The posterior* part of the basioccipital is thus thin. 

T5ie exoccipitals are of the ordinary Gorgono])sid dr Pelycosfiur 
pattern, but their upper surfaces are concealed by the overlapping 
elements of tire proatlas. Further forwai*d the lower* surface of 
the basioccipital and of the paroecipital fused with it project 
down as a short, powerful, obstuirely bilobed procevss, whose outer 
part supports the fenestra ovalis; with this process the ])oweiful 
tuber basisplienoidalis articulates dorsally, tborrgh ventrally the 
two pi'ojections are separated by a gap. 

The paroecipital and pr’o-olic are fusetl, not only with each 
other*, but also with the basioccipital ; the sirtiu-e between the 
pi*o-otic and the basisphonoid remains open. 

The paroc'cipital process is extremely urassive, passing out 
from the si<lec»f the basicrccipif^il on the lower sui*race of the skull 
to its broad abrrtment on the sfpiamosal. 5'he anter ior and lower 
faces of this pr*ocess are excavateil by a gr*oove which leads inward 
to the large iriH?gular opening, which is the fenestra ovali.*-. The 
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paroccipital process is bounded above by the small oval post- 
temporal fossa, which lies at the level of the floor of the foramen 
magnum. 



In the pro otic on its front face, above, and in front of the 
fenestra, lies the outer opening of the foramen for the facial 
nerve. This opens downwards and has below it a little hollow 
for the geniculate ganglion. 

Immediately above and a little in front of the facial is another 
much larger foramen opening directly forwiird ; its outer margin 
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is carried by a spout-like projection from the pro-otic, its inner 
border is basisphenoid. That boiie immediately in advance of 
the foramen has a deep depressed groove. There can be no 
doubt that this foramen is for tlie lifth nerve, the cavity before 
it having housed tlie Gasserian ganglion. Above and in front of 
this foramen the pro-otic is continued forward, having a suture 
with the basisplienoid, until its anterior margin or that of the in- 
distinguishably fused supraoccipital is cut into by a notch, which 
is very nearly converted into a foramen by the basisphenoid. 
This foramen must he venous; it is in part the homologue of one 
which is almost constantly ivpresented in Tiierapsids. 

^ The supraoccipital is as always spread out into a wide plate, 
but from the anterior part of this expansion a special thickening 


Text- figure 1). 


PftR. I.Par. Tab. 



OuJ. Qu. Pr.At. B.Oc B.Sp. 


Scji/mnofj/nathua ivhaUai Uroom. H. 4053. B.M.N.U. 
Occipital aspect of skull, with the anterior ends of the proatlas attached. X 
Pa.E., parietal ; quialrate; T.B.Sp., tuber basi-sphenohlal is. 


is carried forward, forming the roof and part of the side-wall of 
the brain-case. It is this thickening whose margin forms the 
doiml border of the venous notcii. With the sides of the upper 
part of the supraoccipital in the region of this thittkening the 
inter|)arietal articulates, streUddug far forward in contact with 
the parietal above and the supraoccipital below, and widely 
e^Cposed in the outside view of the brain-case. 

The basisphenoid is a remai*kable hone, wliich in tlie speci- 
men is broken off in front. As far as it is preserved, how- 
ever, it consists of a. body which is articulated with the front of 
the basioccipitai largely Girough tlie intermediary of the two 



Text-figure 10. 
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massive downward projections, which ai’e its tubera. Above this 
articulation the bone becomes narrower where it is attached to the 



pro-otic. Its lateral face here bears tlie groove for the Gasserian 
ganglion, above which the bone again widens to the continuation 
Proc, Zool. Soc.— 1921, No. IV. 4 



50 


MR. D. M. S. WATSON ON THE 


of its suture with the pro-otic. Above and in front of the 
termination of this suture the basisphenoid is still continued 
upward as a slender process, whose upper margin is the lower 
border of the great venous notch and whose lower margin meets 
its fellow in an 0 ]>en median suture below Ibe brain, immediately 
in advance of the bypopliysis. The rostral part of the basi- 
sphenoid is a vertically placed plate arising from the body of the 
bone and separate<l from the upper parts, just described, by a 
deep narrow notch, the open side of the pituitary fossa. From 
its sides arises the thick flat expansions, which are the basi- 
pterygoid processes. These incline downwards at the Imck at an 
angle of about 45°, and whilst their dorsal surface is sharply 
separated from the vei’tical face of the medial lamina, which lies 
above them, their ventral faces pass smoothly down to form a 
blunt ridge on the lower surface of this ))artof the basisphenoid. 

The parietal is comjx)sed of a ])late of bone lying on the roof of 
the skull with an almost plane dorsal snrfacre. Its postero-]atei*:d 
corner is drawn out into a long jmocess, which passes backwards 
to toucli the extreme tip of the scpiamosid. Tlie posterior edge 
of tlie whole hone is in contact with tlie interparietal tow.ards tlie 
middle line and with the tabular laterally. Ky far the greater 
part of the outer margin of the parietal is in contact with the 
postorbital, which completely excludes it from paiticipitiori in 
the margin of the temj)oral fossa. Prom the lower surface of the 
parietal a powerful ridge is developed, which marks the side- wall 
of tlie brain-case. Posteriojly this ridge just toiicJi(‘s tlie anterior 
end of the siipraoceipital. Immediately in front of tliis hone it 
ha-s a suture with the ejiiptervgoid ; finther forward its lower 
edge is free, hut gradually declines, until at or about, the front 
end of the parietal it vanishes. The lower surfaces of the jire- 
parietal ami frontals form the roof of the brain-case in this 
region, and the lower surface of tlie anterior part of the brain 
is supported by au ethmoid ossification. Tliis is a tliin hemi- 
cylindrical shell of hone with a rib along its ventral surface in the 
middle, which iiulicates that it rested on a deep median sejitum 
now broken away and lost. 

The posterior end of the ethmoidal cavity is widely open. The 
opening of the anterior end is much contracted and lies close uj> 
to the skull-roof. 

The floor of the cavity close to its anterior end is jiciforated 
by a pair of large oval foramina, which face downwanl. These 
are separated only by a narrow septum and must he for the optic 
nerves, which hence had a remarkably long intracranial course. 

The epipterygoid is only represented by its up])ei‘ end, which, 
though narrow autero-posteriorly, is thin. It has a suture with 
the parietal and with the front end of the supraoccipital, the 
latter connection being of considerable morphogenetic importance. 

There is a medium -sized foramen for the Xth nerve, opening 
downwards and backwards below the exocci])ital well above the 
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bottom of the skull. There is a single hypoglossal foramen in 
the usual position. 

Taken as a whole, it is obvious that the brain-cavity was very 
small in relation to the skull, and especially that the cerebral 
hemispheres were still of much less bulk than the cerebellum. 
At the same time the very great proportional length of that pa it 
of the brain which lies in front of the fifth nerve foreshadows 
the great cerebral development which occurred in later allied 
forms. 

The jialate of Scymnognathus whaitsi is still not known as a 
whole, but tlie anterior part is very well shown in the sections 
of 49369, from a reconstruction made from which text-fig. 10 is 
mainly drawn, and in the solid in R. 4052. The pterygoidal flange 
and one transverse bone are preserved in position in R. 4053, and 
that individual retains a small fragment from the middle of the 
palate just in front of the anterior end of the long pterygo- 
parasphenoid bar. This fragment shows a jiaii* of much raised 
ridges, which lie on the pterygoids and diverge outwards as they 
are traced forward. These are covered with a shagreen of small 
teeth. Between these the palate is deeply grooved ; lateral to 
them it is depressed into deep hollows. The dorsal surface 
of the fragment bears a deep median keel. This fragment lias 
been cut across by a tranvei*se cut, so that it now shows thi'ee 
sections. That at the back sliows that the keel is formed by a 
single lione whose lowei* edge is received into a gioove on the 
upper surface of the fused pterygoids, which meet below it. 
In the middle section this median hone has a deeply grooveil 
lower edge, the two thin ridges which form the side- walls of this 
gr(wve being received in slits in the pterygoids. These latter 
bones meet in a median suture on the palate and here bear the 
massive tooth-bearing ridges. On the front section the median 
bone is exposed on the palate, forming the roof of the median 
groove and separating tlie pterygoids. The median bone thus 
coiresponds exactly in position and relations with the posterior 
median l>one in Gorgonops and the back of the vomer in Diade- 
modon. The antei'ior part of the palate resembles that of Gor- 
gonops in the relation of the iniernarial bar to the palatine 
process of the premaxillas and in its shape. 

Near its anterior end the internarial bar is a single bone 
with a convex dorsal surface from which a ridge rises. This rhlge, 
which is detached, apparently by fracture, extends upwards and 
backwards, obviously representing an ossification in the nasal 
septum. The lower surface has a, low median ridge separating 
two well-defined grooves. A.s this bone is traced backward it 
gradually becomes narrower from side to side until in tlie legion 
of the first molar tooth, where it is seen in section (text-fig. 12), it 
has become converted into a plate 35 mm. in depth and only two 
millimetres tliick at the lower eilge, wliere it is widest. The 
dorsal centimetre of this narrow septum is clasped betw’eon two 
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thin filra« of Iwne, whose outer surfaces <ire in contact with 
another pair of similar slender processes. Kven in this region 
the lower edge of the median bone still lies considerably dorsal of 
the tooth-bearing margin of the maxilla. 

In the next section, about 1 cm. further back, the median 
plate is shallower, its <loi*sal margin being curved downwards. 
The two pairs of plates which support its upper edge are thicker, 
but still retain their same relations. 

The next slab has fortunately been split longitmlinally and 
somewhat developed, so that it gives conclusive evidence that 
the lateral pair of processes described above are part of the 


Text- figure 12, 



Scj/mTUiffnnfhvs whaiiH Broom, 

Series of transverse sections at about 1 cm. interval, across the snout of No. 49369. 
B.M.N.H, 1, anterior section; iiiternarial bar; in S-6 only the 

intornarial bar is represented ; in 6 the maxillm and palatines are shown ; 
in 7 only the anterior ends of the palatiiies and pterygoids. X 

palatines. The inner pair pass down to the ventral surface and 
there form a little boss on the palate, which separates the two 
deep grooves on the palatines. .Tfiiese grooves are so overhung by 
the more ventral parts of the jwlatines that their floor can 
scarcely be seen in a direct ventral projection No sutures can 
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be seen in the little median boss, and it is probable that the 
median element of the internarial bar has terminated in it. 

The vertically standing part of the palatine, which forms the 
side- wall of the groove just described, descends to the level of the 
lower border of the maxilla, whei*e it passes into a flat, thick, 
horizontally lying plate, which extends outward to the lower edge 
of the maxilla with which it has a suture. 

This horizontal ])tn t of the palatine forms the greater part of 
that bone, and extends hackwnrd and forward in contact with the 
maxilla, until by nariowing and increasing in depth it becomes 
converted into a mainly verti<‘ally disposed plate, which forms 
part of the si<Ie-wall of the posterior part of the very large 
internal nares. It then terminates. 

Text-figure 13. 



Scifmnoffnathtis tvhaitsi IJroom. 

Reconstruction of iiiteninl aspwt of the loft side of the snout cut through in the 
middle lino. Intt^rrmrial hnr nnd ossidciitioii in th(> nasal septum unshaded 
and sun-ounded by u thick continuous lino ; anterior end of tho pterygoid 
represented by a line of small crossos. Parts of palatine hcmui through other 
bones in broken lino. Koeonstructed from the sections of 49369, checked 
by R. 4062. X I 

Thus the anterior part of the palate is essentially a flat plate 
of bone, whose middle part is cut out by a narrow but gmdually 
widening groove which plunges steeply downward to the deeply 
sunk posterior margin of the posterior nares. This groove is 
divided into two hy a narrow vertical septum, which descends 
nearly to the level of tho general plane of the palate. 
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There can be little doubt, especially when the conditions in 
Aretops and Gorgonopa are considered, that the inner pair of pro- 
cesses which suppoH the internarial bar are the anterior ends 
of the pterygoids. It remains to be shown by other materinl 
whether the median internarial bone and the median vomer in 
the back of the palate are parts of the same bone or are, as is 
more probable, sepanited. 

The strange way in whiclj tlnj median internarial bar rises as 
a. thin but very deep septum from the much sunk posterior ruires, 
jiearly to the general level of the palate, seems to be only 
explicable if its ventral border supj)orted the middle of a small 
soft secondary palate stretched between the maxilhe and the 
palatines. 

1 have already <lescribed the mode of articulation of the 
S(|uamosal with the brain case and with the fused (juadrate and 
rpiadra to- jugal in Ik’oc. Zool. Soc. 1914, p. 10.‘J4, fig. 0. 

'rhe s(piamosal above the level of the post temporal fossa hows 
out backward, so as largely to increase the size of the dorsal 
opening of the temporal fossa-. It thus makes the occiput very 
deeply cupped, the interparietal region being narrowed and the 
outer part of the tabular running nearly antero-posteriorly. 

At the extreme postero-lateral corner of the skull, the 
squamosal turns sharply into a process passing forward and 
inwarrl in the zygomatic arch. TJiis process is clasped by other 
bones both admesially and externally. One of these bones is 
the jugal. The other conceivably also jugal, but much more 
probably postorbital. A gap about 2 cm. long in both sides of 
the specimen prevents a definite decision on this point. 

The squamosal at the corner is made of a very peculiar, 
extremely dense, tliough finely cancellous bone. This structure 
is found in this region in all Tlieriodonts I have examined. 

LePTOTRACHELUS EUPACHYONATnUS, geii. et sp. nov. 

Type; a skull ami lower jaw, described in error as Segmno- 
gnathus whaitsi by the writer (Ann. & Mag. Nat. Hist. ser. 8, 
vol. X. p. 578, fig. 3, and Proc'. Zool, 8oc. 1914, pp. 1027, 1032, 
figs. 3, 4, & 5). 

'Fhe material is a largely disarticulated skull varying in 
preservation, with one comfdete .and one partially disarticulated 
ramus of the lower jaw. I'he skull is represented by the brain- 
cjise, interorbital region, left iia-sal, lachrymal, prefrontal, jugal, 
and squamosal in natural articulation, the right jugal, lachrymal, 
and prefrontal in ne<ki!*al articulation, but sepamted from the 
skull, an isolated maxilla, and quadrate and quad rato- jugal. 

The mode of articulation of the quadrate witli the squamosal is 
clear, and with the perfect lower jaw gives the length of the skull 
and the position of the maxilla* The large articulated part of 
the skull gives pmctically all the dorsal and the posterior 
part of the lateral surface directly. The occiput is essentially 
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completely preserved. All the sutures except those of the 
parietals with each other and the prepavietal are well shown. 

In text-fig. 14 it is probable that the anterior part of the snout 
is made a little too narrow. 

I have already described and figured the basicranial and otic 
regions, the occiput, and the interior of the brain-case. 


Text-figure 14. 



Leptoirarhelus enpach^gnathui^ et sp. nov. Tyi)e-skull. 

Dorsal aspect. X .t. 

The outside of the brain-case is illustrated in text-fig. 16. The 
foramen for the Vllth nerve lies just above and in front of the 
fenestra ovalis, opening downwards through the pro-otic. The 
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irigeminnl “ foi'amen IiVk cousiilerably forward and i« move 
doi’sal ill position. It lies at the end of a long slit and is pve- 
snmahly really f)nly an incision and not a forainon. The lengt,h 

Text -figure 15. 


RO. R,Fr. 



Leptofra('heh$ eupacJiygnathvs. TyiHJ-Rkull. 
Right lateral aftpec^t. X 

Text* figure 16. 



F«.Vt.PBRl FfNA B.0c. 


L«ptotracheh(9 eupaehyffnathun, Type-fckull. 

Left lateral aspect of brain-case, the parts of the skull lateral to the post-temporal 
fossa being removed as in text-iig. 10. 

of the alit is rendered uncertain Iby the fracture of the anterior 
end of this part of the Innin-case. In the part of the brain-caee 
preserved there is no evidence of the large venous foramen 
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describeil above in Scyinnognathits whaiisi. There is no trace 
of the great anterior projections of the basisphenoid which in 
Scymnognathns meet in median suture in advance of the pituitary. 

There is an etlimoid, whicli, so far as its very incomplete 
exposure allows it to b<* seen, does not differ from tlwvt of 
Seym n ognathns . 

The squamosfd of Leptotrachelns is remarkable for the great 
length of its lateral pjojection and the extreme suddenness of 
the postero-lateral coi ner. As in ScymnognatliUH its ilistal end 
isrecei\ed between (wo bones, here almost certainly the jugal 
and postorbital. 

^rhe cup-shaped depri'ssion in the widened lower edge of the 
squamosal into which tlu^ head of the quadrate tits is very narrow’, 
not half the width of the projection of the squamosfil. 

Tlie (juadiate is a. vc^latively largo hone about iU) mm. high by 
15 mm. wide; it forms a nearly parallel straight-sided figure, the 
lower edge being a little marked off by a gn^ive a,nd forming tlie 
articular surface. ^Jhe uj)per end is rounded and fits snugly into 
the hollow in the squamosal. The q ua<1 rat o- jugal is fuseil with 
the articular margin of the quadrate ; it then separates from 
that bone, leaving a small quadrate foramen, wddlst faithev 
dorsal ly it spreads out into a. fiat sheet of bone w hicli covers the 
outer margin of the quadrate and laps os or its postoiior surface. 

When avtuadated w’iih the squamosal (he quadrate and 
qnadrato-jugal are lai’gely visible from beliind. 

Tlie maxilla of Leptotracheltis shows a singh* canine in use, 
with traces of the crosvn of a successional canine liigh iip in the 
alveolus, and four cheek-teeth ; it is pissihle that there wais really 
a fifth cheek-tooth. 

Lycosaurus pardams Osven, Oat. Foss. Rept. 1876, p. 15, 
pi. 14. 

The type-skull of Lycoaaur^is pardalis was re-examined and 
discussed by Broom, Proc. Zool. Soc. 1911- 12, p. 1079, w’ho gave 
it a dental formula : i. 5, c. 2, m. 4. 

The type-skull (R. 1717, B.M.N.H.) from tlie Ci8tecej>hahis- 
zone (?) of the Siieeuberg is considerably crushed latei ally, Imt 
has the anterior end of its snout complete and well-preserved ; 
behind the canine iin the left side the outer surface of the skull 
is complete to the orbit, the wliole orbital margin is present and 
a bit of the eilge of the parietal region, 1'he other side is a. 
weathered face which cuts further and further into the skull 
until it so far crosses the middle line as to expose the admedian 
surface of tlie left epipterygoid and completely to remove the 
brain-case. The sijiuimosals are completely destroyed. The 
right lower jaw is, however, lujarly perfect, having suffered only 
the loss of the j)o.sterior part of the angular so as to expose 
the articular — the position of the quadrate is thus fixed. The 
parts of the skull remaining are quite well-preserved and show 
many sutures. 
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It is obvious that the snout is short, high, and narrow, with no 
trace of the square section which occurs in all the Gorgonopsids 
described above. 

The tooth-bearing edge of tlie maxilla is curved and pnsses 
gently into that of the premaxillii without the step of Gorgonops 
or Scyninognathus^ There is, however, a diastema ])etween the 
closely-set incisors and t.he canine. 

There are clearly 5 incisors, 1 canine, and 4 oi* possibly 5 molar 
teeth. Tlie small canine recorded by Broom immediately in fiont 
of the large one does not exist on the well-preserved left side, 
and his views seem to have been founded on a small strip of 
tooth in this position on the right side, wliich is really an ex|x>se<l 
portion of the lower canine. The maxilla, is short and deep. 

Text-figure 17. 


Pr.Fr. Mr. 6.Mx. 



LgcoMvnis pardalUt Owen. Type-skull. 


Reconstmction of the right lateral aspect, X The parts represented in 
broken lines hj’pothetically roBtored. 

The external nostril of Lgcosaurus differs considerably from 
that of Gorgonops, It faces more laterally and is much larger ; 
it is no longer overlning by so large a corner of tlie na.sal, 
although there is still a trace of the older structure. 

The facial part of the septomaxilla. is mucli .smaller, and the 
foramen between that bone and the maxilla is not only smaller 
hut opens more directly outward. The septomaxilla in front of it 
seems to be rounded and grooved. Finally, the internarial 
process of the premaxilla is longer and stands more yerti^lly, so 
that the end of the snout is deeper and less rounded in side-view. 

The interorbital region is narrow, the postfrontal being a 
narrow pointed strip, os in the skull of Arctognathus ourvi- 
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Ttiola subs6(j[uently <leseril)e<i (text-fig. 18). The pHrietal region 
is obviously of the Ooi*gonopsi»l type und eannot be very wide, 
although its wi<lth (Jiimiot be deteriuined wilb any pretence to 
.accuracy. 

Arctognathub cuevimola (Owen), Cat. Foss. Kept. 1876, p. 71, 
pi. 68. 

The skull (No. 47339 B.M.N.H.) descrilmd by Owen as Lyco- 
scmrm ciirvimola was found with THcynodon tigriceps in the 
Cistecephalm beds of the Kagaberg, near Bedford, 8. Africa. 
Its palate was developed by Mr. Hall and described by Prof. 
Seeley, Phil. Trans. B. 185. The skull was then examined by 
Dr. Broom, Avho noted that the parietal region seemed to be 
broad, and made for it the genus Arctognathus. 

The actual preservation of this skull is good ; but before it 
was buried the left maxilla and ectopterygoid, together with the 
bit of lower jaw in their vicinity, were separated from the rest 
of the head by a nearly plane split, moved outwards for about 
15 mm. and there fixed in the sediment. How this very peculiar 
result was brought about is very difficult to understand, although 
tentative suggestions might be made. 

Whilst lying at the surface the nodule containing the skull 
was exposed to weathering, which has cut down into it so as 
completely to remove the right squamosal, the parietal region 
beyond the middle line, and the postorbital bar. 

Fracture has removed the occipital condyle and part of the 
paroccipital process, but has left the staj^es and quadrate with 
the lower jaw in articulation on the right side. Enough of the 
occiput is left to make the structure clear. The palate is well 
exposed and very well pre.served, the right ramus of the mandible 
is perfect and well-exposed. 

On the dorsal surface of the parietal region the suture between 
the parietals and the pineal foramen are very well shown on a 
weathered face, which lies a little below the original dorsal 
surface ; the right side of this region 1 ‘etains its natural surface 
and shows the structure clearly. 

The skull is short, broad, and deep. The snout is rounded in 
section and terminates in front in the internarial premaxillary 
processes, which form the extreme front end of the skull over- 
hanging the oral margin. 

The very large nostril faces largely outward and is not over- 
hung by an outstanding comer of the nasal. The septomaxilla 
is small, and the foramen between it and the maxilla veiy small. 

The interorbital width is considerable, but the orbits look 
upward and forward as largely as outward. The frontal does 
enter into the orbital mai‘gin, but only through a short distance 
The postfrontal is a narrow strip of bone wedged in between the 
frontal and the postorbital. 

No trace of a preparietal is to be seen on the parts preserved, 
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the madiau euture is clearly shown from the front of the pineal 
foiuuien to t\ point l>etween the frontals, and the well-marked 
suture between the frontal and [)arietal passes very little in 
advance of the pineal opening. These sutures are, however, 
ex|K>sed at a plane below the orgtiial dorsal surface, and there is 
a remote possibility wliich cannot, although very improbable, be 
entirely excluded, that the preptxrietal was represented by a 


Text-ligui*e 18. 



AretoffiMthnM eurbimola Owen. TyiKJ'Skull. 

Kestomtion of the dorwil uK]x)ct, the purtN in broken lines being hypothetumlly 

restoreil. 

minute wiale of bone lying on the dorsjil suifsice. Tlie parietal 
region is about as wide as the interorbital. 

The maxilla is short luid deep, its tooth-heaving margin is 
imicli curved and passes smoothly with no trace of a step into 
that of the pi'emaxilla. The canines appear not to he completely 
erupted, and the four small cheek-teeth we also not very firmly 
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planted. The four incisors^ though powerful, are not so dispix)- 
portionately large as tliey are iu earlier Gorgoiiopsids. 

The palate of Arctoynathm is very w^ell -preserved, but its 
anterior end and two strips along the maxillae are concealed by 
unremoved matrix aiid by the lower jaw. 

The basioccipital is broken oft’ through the vagal foramen, 
where it is thin and not very wide. The posterior part of the 

Text-figure 19. 



Arrto(pu(thn» curuimola (Owen). T3'i>e-skull. 

The X 3. StippUnl urea ooverwl by miifcrix and the lower jaw. 

Parts in dotted linen hypothetical. 

A ..A, direction of the section of Lycosaurus tiffrinus” text-fig. 20. 

St., stapes. 

basisphenoid forms a triangular area with raised lateral margins, 
representing the tubera of earlier foi-ms. Above the edges the 
sides of the bone are flat and vertical, posteriorly they terminate 
in the region of the fenestric ovales, these openings being con- 
cealed by the foot of the stapes. Anteriorly these vertical sides 
of the basisphenoid approach together until they are only 
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separated by a naiTOW ridge which runs forward to tlie palate 
proper. From the vertical sides of tlie basisphenoid liorizontal 
procesHCH arise ; these basipterygoid processes support tlic ptery- 
goids. From their articulation with the basisplienoids tlie 
pterygoids pass backward towards tlie (juadrates, but <lo not 
articulate with those bones, as they appear to terminate iu free 
points before reaching them. The pterygoids pass for\\ard, 
forming with the median rhlge which continues the basisphenoicl 
a bar whose ventral surface is almost cylindrical, biokeii only by 
the median fillet. At the hinder end of the palate the pterygoids 
suddenly widen, forming very deep poweidul flanges. This part of 
the bone has a transverse sutui^e with the ecto pterygoid. Medially 
the two pterygoids meet in a visible suture which lies at the bottom 
of a small depression. This suture soon terminates at the brim 
of a much deeper and more sharply -marked hollow, which, as it 
passes forward, widens and is converted into a deep open groove 
forming anteriorly the whole roof of the mucli vaulted palate. 
Throughout its extent this groove has weli-nuu’ked, indeed often 
vertical, sides. Anteriorly this groove is divided into two by a 
ridge which rises from its surface. At about the level of the 
hiSt maxillaiy tooth t.his groove is bounded by roughened areas 
of bone, which a.p[)ear to have borne teeth. 1’'hese areas are 
undoubtedly on tlie jiterygoids and are separated by visible 
sutures from the palatiue.s, which lie laterally to the pterygoiils 
in front of^ the ectoptmygoids. Further forward the.se sutures, 
which form the inner border of the ])alatines, ajiproacli one 
another and desreml into the groove, so that its side-walls are in 
front formed by the palatine. The ectopterygoids are se[>arated 
from the palatines by visible sutures. 

There is no trace of a sutui e down the nuM-line of the groove, 
ami its roof seems to be formed by a. median bone, whicli 
terminates at the sudden end of the groove ami must be bounded 
by sutures with the pterygoids along its e<lges ; of these presumed 
sutures nothing can be seen in this sjiecimen. 

The type-speciiiieii of Lycosminis tiarhins Owen seems to throw 
light on the structure of the palate of ArctogniUhns ctirviinola. 

It consists of a fragment of a snout, broken off through the 
premaxillic in front and by an oblique fracture on the left side, 
but showing much of the right maxilla. It has been so developed 
a.s to show a small strip of the surface of the right palatine and 
shows a section of the palate on the hinder end. This species is 
referred by Broom to a new genus Arctosachus^ and said to have 
a. dental formula, i. 5, c. 1, m. 4 or 5, representing a much more 
primitive type of Theriodont than Arctogimihm, The fype- 
specimen only shows two incisors, a canine, and a few cheek- 
teeth, and it seems certain that Broom exainiiu3d and used for 
his desci*iption a snout of Scymnognathus whmtsi which Lydekker 
hod refewed to Z. tlgrimm. 

Except iu the larger size and somtwvhat diftercnt direction of 
its canine, the type-specimen of Z. tigrinus seems to agree 
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exactly in size and every point which can be compared with 
A, curvinwla. The section of the palate shown on its posterior 
fracture is represented in text-fig. 20. 

There is a median element l>earing a high dorsal ridge, now 
detached, with a very deep groove on its mid-ventral surface and 
carried out laterally in a long wing, which is overlapped by the 
pterygoid. Tliis bone bears a powerful irregular roughened 
projection carrying small teeth: lateiully its surface is smooth, 
and is continued to the hinder end of the maxilla by that of the 
ectopterygoid. The two bones scai'cely meet, but are joined 
together by a thin film of bone, undoubtedly the palatine, which 
covers their dorsal surfaces. 

Text-figure 20. 



ArHognathut, of l/gcomurus tigfinug Owvu. X 

Obliquely iiuusverse eectioii as a plane* corrospoiidiiig to A.. .. A in text^fig. 11^. 

If this section be compared with that which the palate of 
Ardognathm would present if cut along the line A - A, there can 
be no doubt of the close affinity — indeed, specific identity -of 
the two forms, for even the possible measurements are in very 
close agreement. 

Thus we have confirmation for the view tliat the roof of the 
median groove in the palate of Arctognathtis is formed by a 
median vomer. 

The epipterygoid of the type-specimen of A, ctirvimola is 
shown to meet the })arietal in a long suture, exactly as does that 
of Dicfdemodon, 


The preceding series of description is based on the moi’e 
complete and satisfactory remains of Gorgonopsids in the British 
Museum, largely Endothiodon’7m\o forms. Of recent years 
Broom and Hangbton, either independently or together, have 
described many complet^e Gorgonopsid skulls, chiefiy fron) the 
CiHteceplvalm-T^one, They have, however, never given so complete 
an account of any form as that of i^cyimiognoAkm included in 
this paper, and it is seldom that they have given more than one 
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or, at most, two drawingn of any one skull. Thus it is difficult 
to caiTy out any detaile<T discussion of the mutual relations of the 
known Gorgonopsids. 

In order to discuss with any satisfaction the classification of a 
group, it is necessary to know the main outlines of its history, to 
understand the direction of the advances which make the struc* 
ture of all late members of it difier from their ancestors, and 
to work out any adaptive modifications which characterize its 
diffierent branches. 

It is now generally agreeil that the Gorgonopsids include the 
ancestors of the Oynognathidee, and that the Pelycosaurs are a 
group which includes self-contained lateiul branches springing 
from the very base of the stem of the mammal-like Beptiles. 
Thus by comparing the two extreme terms, Faratiosaurus and 
Diadevaodon, we can gain at once a knowledge of the advances in 
structui-e wiiich have occurred in the Anoraodonts, and on the 
assumption that these changes have proceeded regularly we can 
determine the trend of advance dui-ing the evolution of the group. 
Discussion of intermediate forms will then enable us to decide 
whether this trend really expresses a true view of the mode of 
evolution, or whether the actual observed differences between 
the extremes represent the result of a series of fortuitous changes 
of indeterminate direction. 

The work of Broili, of Case, of Williston,arid the present writer 
has led to the view that Varanomurm is the most primitive known 
Pelycosaiir, forming a morphological ancestor to Dhmtrodon^ 
through a Deiope%l8•\\^^e form. The view that Diademodon or 
Trirachodon is the most advanced of known Anoinodonts results 
from the work of Heeley and Broom. 

The diflerences between the skull of Diademodon and Varano- 
smirus are : — 

In General Shape, 

In Varanosaurus the snout is very long, square-cut in section, 
an<l roomy, compared with the rest of skull, with lateral nostrils 
and a long stmight tooth-row. The large orbits are entirely 
laterally directed. The small tempoml fossa lies entirely on the 
side of the skull anti is almost hidden from above by the very 
broad parietal region. The occiput slopes forwai’d, but is not 
deeply cupped. The sides of the skull are nearly straight. The 
skull is higher than wide. 

In Diademodon the snout is short, small in volume, rounded in 
section, with nostrils looking more forward than laterally. The 
tooth- mw is short and curved The orbit is compaiatively small 
and looks very largely forwfirtl. The temporal fossa is very 
large, lies entirely on the top of the skull, an<i is not visible from 
the side, the parietal region being 'drawn up into a narrow crest. 
The occiput slopes a little forward and is deeply cupped. The 
sides of the skull gradually approach one another to the orbits 
Prog* Zool, Soc. — 1921, No. Y. 5 
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but their direcition is then changed as they form the slender 
snout. The skull is much wider than high. 

In the Bmm-caae. 

[The structure of the anterior face of the pro-otic and supra- 
occipitiil is not known in Varfmoeawnts imd other regions are not 
very well shown. The following account of the Pelycosaurs is 
Imsed on Deiopeus and DhnetrodonJ^ 

In Pelycosaurs the basioccipital is thick, ending in a large 
rounded condyle. The large fenestrae ovales are placed on the 
bottom of the skull, far out at the side ol’ the deep well-developed 
tubera. The paroccipital process is short ami slender, supporting 
the 8quamos*il and touching the tabular ; it lies well above the 
lower surface of the skull. The jn-o-otic is small, its anterior face 
in no way overhanging the notch for the fiftli nerve. The supi’a- 
occipital is entirely plate- like, not forming a roof over the brain 
in advance of the Vth nerve. The basisjdienoid is massive, 
forming a sloping floor to the posterior part of the hmiu-case. 
It bears definite ^phenodon -like bisipterygoiil processes, anteriorly 
it is in Varanosaurm continued forward by a Jong channel* shape<l 
parasphenoid. 

The parietal does not form any part of the side-walls of the 
biaiu-aise. The epi [pterygoid is a .slender rod of ciiculai- section. 

The whole brain-cavity is very small in comparison with tlie 
size of the skull. 

In IHademodon^ on the other hand, the basioccipital is small 
and plays at most a subsidiary jMU’t in the pair of occipittil con- 
dyles. The siiiall feiiestice ovales aie placed on the bottom of the 
skull, not very fai* se[mrated. Basisplienoidal tubera. are rejire- 
sented merely by tlie tslges of the triangular lower fac^e of the 
basisphenoid. The paroccipital is a long powerful process sup- 
porting tlie squamosal and touched by the tabular; it lies on the 
lower surface of the skull. 

The pro-otic is large, being carried forward l>y a great process 
which complete!}' overhangs the trigeminal foramen. 

The su])raoccipital is produced forwards by two wings, which 
cover and form side-walls to a great deal of tlie brain-cavity in 
advance of the Vth nerve. 

The basisphenoid is a small hone forming a nearly horizontal 
floor to the brain-case. It has small lateral hasipterygoid pro- 
cesses with the pterygoids attached to their flat lower surfaces ; 
anteriorly it is canied forward by a slender process which reaches 
the palate and tliere spreads out into a broad vomer in tlie roof 
of the posterior part of the naso-pharyngeal ducts. 

The parietal forms a good deal of the side- wall of the bi’ain- 
case. The epipterygoid is a flat plate forming the side-wall of 
the brain-case for some distance and articulating with the anterior 
edges of the pro-otic. The brain-cavity is relatively very large. 

The ear of a Pelyoosaur, so far as can be infeiTed from the 
bone which housed it, lies low down on the side of the brain-case, 
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has Atiiall simple semicircular carlals, and has a cochlea which 
leaves no evidence of its existence on the bones. The fenestra 
rotunda is represented by a notch on the ridge, which in the 
bony skull sepamtes the vcKstibular cavity fi'om the vagal foi*ainen, 
and thus opens inside the brain-cavity. The stapes is always 
very large and is perforated, the fenestra oval is being a large 
irregular hole. There is no groove for the external auditory 
meatus. 

In Diademodon the inner ear retains its original position low 
down on the side of the brain-case and still shows only simple 
semiciixjular canals. It has, however, a well-defined cochlea 
housed in a crypt passing forward and inward, and curved 
forward through about a (punlrant of a circle. The fenestra 
rotunda is a complete foramen, which opens indeed into the vagal 
foramen, but does so on the outer surface of the neural cranium, 
exactly as it does in the young Ornithorhynchtis, 

The stapes, although still of good size, is much smaller than in 
Pelycosaurs, and the fenestra ovali.s is a neat round hole of 
small size. I'lie external auditory meatus is housed by a deep 
groove. 

The nose of Diademodon occupies a smaller space than that of 
Diinetrodon^ but the area of its sensory epithelium seems to liave 
been increase<l by a great devolopineiit of turbinal cartilage, now 
only representotl hy a series of ridges, on the inner surface of 
the nasals and prefrontals which once supported them. Nothing 
of the kind occurs in Pelycosaurs. 

Many other features in the nose of the Anomodonts can only 
be discussed in connection with the septoiiiaxilla, palate, etc., 
and then only in a detailed discussion of individual forms. 

27ie Roof of the Skull. 

In Varanosanrm the parietals are short, very broad, and with 
the pineal foramen very far back. Their edges are sepimted 
from the temporal fossa* by a union of the postorbital and 
squamosal. Tiiere is a large pastfroutal lying on the roof of the 
skull. The frontal is a lai'ge bone always entering into the 
orbital margin. The prefrontals are large l)ones, almost equally 
divided between the dorsal and latei'al surfaces of the skull, 
each bearing a depression ou the outer face just in front of the 
orbit. The nas^ils are narrow slips of bones. There is a small 
supmteuq)oral. 

In Dia^modon the parietals are long, very narrow, and with 
the pineal foramen , between their anterior ends. They form the 
inner margins of the temporal fossse for a very long way, the 
squamosal and postorhital being widely sepu'ated. There is no 
postfrontal. The frontal is a small bone, not entering the 
orbital margin. The prefrontals are small bones on the rounded 
snout, with no depression in front of the orbit. The nasals are 
wide, especially posteriorly. There is no supratemporal. 
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In side-view the skuJl of VaranoHaurm shows a long shallow 
maxilla, completely separated from the nasal by the long lachrymal 
extending from the orbit to the septomaxilla. There is no very 
marked specialization of the dentition, all the teeth from the 
premaxilla backward being similar in form and not very dis- 
similar ill size. The qiiadmto- jugal is exposeil on the side-wall of 
the skull and the jugal stops considerably before the quadrate. 

Dkidemodon has a short deep maxilla reaching the nasal in a 
long suture. The lachrymal is a small short bone. The dentition 
is fully divided into incisor, canine, preniolar,** and “ molar 
teeth.” 

The quadrate -jugal no longer appeitrs on the surface of the 
skull and tlie jugal extends back to its extreme hinder end. 

The suajiensorium of Varanosauras consists of a large quadmte 
with a definite pterygoid wing, whose posterior surface is covei’ed 
by the pterygoid. The outer edge of the (piadrate is attached to 
the quad rate -jugal, there being no quadrate foramen. The upper 
part of the posterior surface of the qua<h*ate is covered by 
the squamosal, that hone passing so far inwards as to touch the 
pterygoid. 

In Diadewodon the quadrate is a very small hone, either with 
or without a pterygoid wing, but in no ease articulating with the 
pterygoid. outer edge of t.he (|uadrate is fused with the 

qua(lrato-juga.l, from which it is separated only by a small fomnien, 
the articular surface being formed about equally by either bone. 
'J’he whole posterior surface of the joint bone is covered by the 
very large squamosal, wliicli extends down to the condylar edge. 

The primitive (Vlycosaui* pala,te has the following oharactex's : — 
The pterygoid is a trinwliate bone, articulating by a movable 
facet with the hasipterygoid jirocess, from ^^hich point the 
(piadratcj ramus rises and runs backward as a vertically placed 
sheet of bone, passing behind the quadrate. The lateral wing of 
the pterygoid pa.s.ses directly outward from the region of the 
I )asi pterygoid and terminates in the usual fiange. 

The anterior part of the pt.erygoid forms a large part of the 
essentially flat jialatal surface and articulates with the prevomei*. 
It meets its fellow in median siituie in Varanosanrm. The 
dorsal surface of the pteiygoid is raised into a lidge near the 
middle line of the skull. In later forms (I)imHrodon, e. g.), the 
ridge is much exaggerated and its median surface passes 
smoothly into the ventral surface. The palatines are small flat 
bones. The prevomers are distinct. The anterior end of the 
palate is not known in any primitive Pelycosaur, but from 
the conditions in later forms there is no doubt that the }) 08 terior 
nares were small and lay in the geneml plane of the rest of the 
jialate, which was essentially flat. In such later Pelycosaurs a.s 
Dimetrodon. owing to tlu; step in the lower edge of the maxilla, 
the fialate is considerably vaulte<l, and the jKisterior nares lie 
above the level of the cheek-teeth. 

In Diadennodo^itho pterygoid articulates by a rigid suture with 
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the lower surface of the basipterygohl process, atid there is uo 
quaflmte minus, the bone terminating at its attac^hment. The 
transverse ramus <loes not arise from the basi pterygoid region, 
but very much further forward, the posterior part of tlie bone 
being a slender strip, which is united with its fellow and the 
parosphenoid to form a slender bar. 

The transverse ramus arises very suddenly from this bar, the 
bone being drawn downward into deep and very powei-ful flanges. 

There is no anterior ramus, the bone ending in a transverse 
suture with the palatine at the region where it joins the jugal. 

The transverse bone is very small and is not included in the 
flange at the foot of which it lies. 

The palatine is a very large lx)ne, forming a gi*eat deal of the 
posterior part of the palate, then turning downward to form the 
lateral wall of the posterior part of the nasopharyngeal duct, 
and, finally, developing a secondary plate, which forms a floor to 
that passage. 

The two palatines are separated by a median vomer, which 
forms the roof of the nasopharyngeal passage, apparently ter- 
minating behind in a pointed slip sepaiating the anterior ends of 
the pterygoids, but really passing backw^ard to the basisphenoid. 

The pre vomers seem to liave vanished entirely. 

'Phe maxilla* send inward secondary plates, which continue those 
of the palatine forward. The premaxillaB have ))alaUil processes, 
which pass dorsally to the secondary plates of the maxillae and 
touch tlie anterior end of an ossifleation in the nasal septum, 
viz., a mesethmoid. 

In Varanosaurns the epipterygoi<l is a slender rod rising 
vertically from the dorsal surface of the pterygoid just in advance 
of the basipterygoid articulation. 

In Dimlemodon the epipterygoid is a large flat sheet of bone 
forming a side- wall to the brain-case and articulating by a veiy 
long suture with the parietal and frontal above, having a suture 
w'ith the pro-otic behind, articulating with the basipterygoid 
process below, and ending in a suture with the pterygoid. 
Behind the basipterygoid and below the point of exit of the 
maxillary, mandibular, and motor portions of the fifth nerve, the 
epipterygoid is continued Imckwavd by a process occupying the 
position of a quadrate ramus of the pterygoid. The ramus in 
certain species articulates with the front face of the quadrate. 

The preceding pages recoi’d the more important diflerences 
between the most primitive and the most advanced known 
Anoniodont; they bring out the direction of the evolutionary 
advances and show how enormous is the structural gap between 
them, a gap represented in time by the relatively small interval 
between the bottom of the Permian and the middle of the 
Triassic system* > 

It remains to show how completely this morphological gap can 
be bridged by the material available. Although, as Case and 
Williston have repeatedly and emphatically pointed out, the Pelyr 
oosaurs are a self-contained group dying out with Bimeirodon and 
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EdaphoacmruB^ they show evolutionaiy changes which are in the 
main in the same direction as those which lead from Varanoacmrua 
to Diademodon^ coupled, of course, with many individual special!- 
zations. Although it is not essentia) for the purpose of this 
paper, it is, I think, useful to point out certain of the more 
striking of these advances, using VarunosauruB, and 

Dimetrodon as the series of forms. These animals lived side by 
side, and this series is only a morphological one. 

In general shape Dhnetrodon shows an advance on Varano- 
8auru8 in that the snout is much deepened, is square in section 
only immediately in front of the orbit, and is, in general, wedge- 
shaped with a rounded dorsal e<lge. I'he parietal region is 
narrower, and leaves the temporal fossw visible from above. The 
occiput is more vertical. In the brain-case Dhnetrodon shows an 
advance over Dewpena in that the hasioccipital is thinner, the 
basisphenoidal tubera smaller, and Ihe pnroccipital process larger. 
The anterior margin of the pro-otic lies further in advance of the 
internal auditory meatus. The brain-cavity is considerably 
deeper and wider posteriorly. The fenestra ovalis of Dhnetrodon 
is smaller than that of Delopeus and the stapes lighter. The roof 
of the skull of Dhnetrodon differs fiom YaranomnriiB in the 
following ways : — the parietals are less wide and the pineal 
foramen further forward. The postorbital is visible from above. 
The pair of frontals have acquired a crucuform shape owing to a 
wi<lening of the interorbital surface, Deloptem provides an exact 
intermediate, tlie increfised width of the interorbit^d surface 
having arisen by an inci*ease in size of the pre- and post-frontals, 
so as to leave a gap which is filled up by a special process of the 
frontal. 

In side-view the skull of Dhnetrodon shows a shortened and 
deepened maxilla touching the nasal in a short suture. The 
dentition is sharply divided into incisors and cheek-teeth by a 
diastema. The third maxillary tooth is much larger than the 
first two, and the lower border of its socket lies well below the 
dentigerous border of the premaxilla. 

The lachrymal does not reach the septomaxilla. The orbit is 
placed high up in the skull. 

It seems probable that the deepening of the maxilla and the 

step ” depend on the ne<;cssity of finding room for the roots of, 
and the development of, replacing teeth for the greatly lengthened 
maxillary teeth. 

The condition of the canine may depend on the following con- 
siderations: — A large canine in the upper jaw presupposes a 
similar tooth in the lower jaw ; such teeth, which are designed 
for killing animals, are most useful in the fimit of the mouth. The 
lower jaw, as a whole, bites inside the upper jaw. The first tooth 
of the lower jaw cannot be much enlarged, becatise of the difficulty 
of making a pit for its reception near the middle line in the 
palatal process of the premaxilla ; hence the lower canine cannot 
be quite at the end of the jaw. A large lower canine almost 
involves a diastema in the upper jaw for it to bite into, because 
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Text-figure 21. 



Series of of the rigrlit UM’rI aspect of Pelycosanr skulls, 

reduced to tlie same length. 

A. VaranoMunts aeutirantrii llroili, restored from the type-skull in Munich, partly 
after Broili. B, JJeiopeut leptoeephalng Cope, restored from the type-skull 
in the American Museum. C. Bphmacodon ferox Marsh, after Williston. 
1), JMmetrodon giga$ Case, from a photograph published by Case. 
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bsing laterally placed, the formation of a pit in the palate 
for its reception so nariDws the dentigemjs part of the maxilla 
outside it as to leave no room for a tooth. The same factoi*6 will 
render difficult any great enlargement of the next tooth, and the 
upper canine thus comes to lie behind the diastema and sepaxuted 
from it by at least one small tooth. Considering the mechanics 
of the whole arrangement, it appears useful to make the dentition 
more or less symmetrical about the diastema by enlarging a pre- 
maxillary tooth to corres{K)nd with the canine, so that the single 
lower canine forces the prey into the gap between two large Upper 
teeth. The dentition so designed is realized in JHmetrodon. 


Text-figure 22. 



A. Superimposed outlines of sagittal sections of the hrain-casos of Deiopeus in 

broken line and Dimetrodon in continuous line reduced to the same length, 
to show the thinning of the basis cranii, theenhugement of the braiu<cavity, 
and the forward growth of the pro-otic. 

B. Superimposed outlines of sagittal sections of the brain'Caseg of Ltptotra- 

chelui in broken line and Diademodon in continuous line reduced to the 
same length, to show : the thinning of the basis cranii, the forward growth 
of the pro-otic, the enormous increase of the cerebellar cavity, and the 
relatively slight growth of the cerebral region. 


The greet deepening of the maxilla demanded by the eanine 
automatically squeezes out of existence the anterior part of the 
luehrpnal. 

Ophiaewhn provide an exact intermediate brtween 
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VaremoBmMrm Mid Dhmtrodoti in dentition, as Case has alreatiy 
shown. 

In the palate JJhmtrodon differs from VaranoaaariM in that the 
transverse flanges of the pterygoi<ls have moved much forward 
from the basipterygoid region. The condition in Deiopeus is not 
known. Thus many of the structural changes which separate the 
advanced from the primitive Pelycosanrs are in the same direction 
os the general advances of the Anomodonts from first to last. 

The earliest known Gorgonopsid is Galeavckv^s grmilis Haugh- 
ton, from the Tapinoc^phMti/a Vsone, 

This skull I have not seen, but judge that it is so much 
weathered that the original shape of the squamosals cannot be 
seen. Only the dorsal aspect has been figured. The skull is very 
remarkahloi differing much from all later Gorgonopsids and even 
more fi'om Pelycosanrs. 1 ts only primitive features seem to be 
the extremely sloping occijmt (the appirent slope being possibly 
exaggerated), tlie liigh position of the foramen magnum and 
foramen jugulare, the large deep paroccipital processes, the 
great size of the frontal, ancl the lateral direction of the orbits. 
It is, however, so incompletely known that a full discussion of 
its affinities is impossible. 

The most primitive knowm Gorgonopsid is Arctops. This re- 
tains as primitive features, which it shares with the Pelycosanrs: — 
the square section of the snout with a depression on the preorbital 
surface overhung by the prefrontal, the lateral direction of the 
orbits, the extreme parietal width, and the shoi'tness of the 
parietals. The resemblances in the basicranial and otic legions 
have been discussed (P. Z. S. 1914, p. 1027). 

The palate retains a primitive structure in the non-fusion of 
the prevomera. 

The skull shows advances over Varanosaurm in the following 
ways : — Owing to the need of increasing the size of the temporal 
muscles the squamosal is Imyed outward, a modification which 
makes the temporal fossa visible from above ; this change not 
only allows of greater thickening of the temporal muscles during 
their contraction, a function which is believed by Gregory and 
Adams to be the factor which determines the origin of fenes- 
tration, but also enables the outer part of the temporal muscle to 
acquire a new origin on the upper edge and inner surface of the 
zygomatic arch, thereby establishing an independent masseter 
muscle. At the same time this widespread zygomatic arch passes 
much laterally to the quadrate and leaves that bone, with 
the quadrato- jugal attached to its outer margin, lying entirely 
within the back of the enlarged temporal fossa.; these bones, 
having thus lost the support that they originally received from 
the junction of the quadrato-jugal with the jugal and squamosal 
by sutures, can only be adequately^ supported by a more polverful 
abutment on the paroccipital process and by an extension of the 
squamosal down their posterior surface. 

At the same time the lateral extension of the squamosal renders 
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the back of the skull much wider than the neck, and makes the 
tympanic membrane lie much nearer the middle line than the side 
of the skull. As it is necessary to keep this membrane exposed 
to the outer air, any swelling of the neck will automatically lead 
to the formation of an external auditory meatus; the beginnings 
of this passage are seen in Aretops in a groove on the posterior 
surface of the scpiamosal, just outside the end of the paroccipital 
process. 

On the ventral surface Arciops has advanced over Vara7io~ 
saurns in the shift forwai*d of the great pterygoidal flanges to 
a position far in advance of the basipterygoid processes ; this 
change results in a further great enlargement of the cavity for the 
temporal nnisclcs, and allows the development of great pterygoidal 
muscles with an insertion on the dorsal surface of the palate. 

This shift forward of tlie flanges lias occurred in J)hneirodo77, 
but the conditions in Arctops diflFer from those in the earlier 
form in the fusion of tlie posterior parts of the pterygoids ami 
parasphenoid into a massive ridge<l girder. This change adds 
greatly to the streiigtli and rigidity of the skull, hut its <letails 
cannot readily he explained by mechanical considerations; the 
most iinportfint of tliese is the replacement of normal l)asi ptery- 
goid processes by tlie laterally directed flat lappets which occur 
ill all Tlieriodonts. 

Jn the palate itself the more important changes are the 
development of a median groove, a necessary preliminary to the 
establishment of a secondaiy palate, which is brought about by 
that change in the dentition involving the development of a 

step between the maxillary and incisor teeth which has been 
discussed under Dbneirodon^ and the extreme posterior position 
of the hinder ends of the postenor nares; this latter change 
is itself probably to be associated with the incipient secondary 
palate, leading as it does to a longei* air-passage whose posterior 
end is not so easily closed by the presence of food in the anterior 
part of the mouth. 

Anotlier advance in Arctops is the more vertical position of tlie 
occiput. 

Gorgoiiops is in some ways as primitive as Arciofts, with which 
it shares very bioad parietal an<l interorbital regions and a 
square sectioned snout. The orbit faces laterally in both forjns, 
and each lias a remarkably broad interparietal, a feature in which 
they resemble Deinoceplialians. 

Gorgonops has a pair of large frontals, which are cruciform in 
plan exactly as in tlie later Pelycosaur. 

The prefrontal is a large bone which overhangs a well-marked 
depression on the preorbital surface. 

Gorgonops shows advances over Varmioaaurus which, so far as 
the parts are known, include all those which occur in Arctops^ 
with the following additions: — T'he external nostril in Gorg^mops 
is much complicated by the great development of the septomaxilla 
and the foramen behind it* This foramen, first recognised by 
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Case in Dimetrodonj occurs in all the more primitive Anomodonts 
and is still of uncertain function. In all Pelycosaurs the septo- 
maxilla is a small bone resting on the maxilla and premaxilla at 
the back of the nostril, being touched by the nasal and forming 
with the other bones the foramen, which 1 propose to call the 
septomaxillary foramen. 

In Dimetrochn the lower edge of the septomaxilla, where it 
rests on the maxilla, is turned inwards and forms a partial floor to 
the nasiil passage. The anterior border of the septomaxilla is 
provided with a process which partially divides the externnl 
nostril into a lower and an upper paH. 

It is probable that the process on the anterior edge of the 
septomaxilla is associated with the oidginal turbinal, simpl}" 
forming the anterior end of that ridge. In the living lizards and 
snakes, the septomaxilla lies inside the nostril as it does in the 
Oaptorhinids, the collateral ancestors of the Pelycosaurs; it has 
in them a characteristic and uniform situation, in that it is 
ossified in the membrane dividing the main nasal cavity from 
Jacobson’s organ, running nearly horizontally from the maxilla 
to the cartilaginous nasal septum. 

In Anomodonts I have only heard one possible suggestion for 
the function of the septomaxillary foi*amen, that it served as an 
outflow for the ductus naso-lachrymalis, the li(|uid poured out 
from it serving to keep tlie muzzle wet as in Artiodactyls. This 
view is ill harmony with the known position of the duct in early 
amphibia and reptiles. It, however, does not afford any satis- 
factory explanation of the great size of the foramen in Gorgonops, 

The very peculiar conditions in the Deinocephalian Mormo- 
saurits (Proc. Zool. 8oc. 1914, p. 757, figs. 1 & 2) suggest another 
explanation. In this animal the ordinary external nostril, which 
in early reptiles always lies between the preraaxilla, the septo- 
maxilla, and nasal, appears to be represen te(l by a minute foramen 
between the septomaxilla and the nasal. The large opening 
which is the functional nostril seems to he i-eally a septomaxillary 
foramen, as it lies bet\veeu tlie premaxilln, the maxilla, and 
septomaxilla, a situiition which is never occupied by the oiiiinary 
nastril in early reptiles, hut agrees with that of the septo- 
maxillary foramen in the earlier Tlieriodonts. Thus this foramen 
must he of the nature of a nostril. The characteristic position 
of the septomaxilla in SqiMinates suggests that the foramen leads 
into Jacobson’s organ, and it will follow that that organ was 
the functional olfactory organ of Morniosaurns ; the shallowness 
and small size of the iip|>er |wirt of the nasal cavity, which 
dis^ iuguishes from such Deinocephalia as Moschops 

with a normal septomaxillary foramen and nostril, can thus be 
accounted for. 

The advances over Varanosaitrm wiiich are shown in the nose 
of Gorg&iiops are: — (1) the direction of the nostril forwards 
instead of laterally, a change which renders the appreciation of 
odours coming from the diraction in which the animal is pro* 
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Deeding more delicate, because owing to a Pitot effect more air 
will be driven into the iinsal cavity ; (2) a great iiKTease in the 
size of the se))tomaxillary foiuuien, possibly associated with a 
further elaboration of dacobsoirs organ ; (3) a great increase in 
the size of the facial part of the septoinaxilla — this may be due 
to purely mechanical reasons. 

Another advance very clearly shown in Gorfjonops is a great 
deepening of tlje maxilla and a concurrent reduction of the 
lachrymal, the prefrontal showing little reduction. 

The palate of Gorgonops is advanced in the great size of the 
internal nares, in tlie width, depth, and backward extension of 
the median groove, in the internarial bar being single, and in 
the occurrence of a median vomer in the bick of the jmlate. 

The very large size of the pterygoi<ls and the foi’ward position 
of the roughened and j)oasibly tooth -bea l ing areas on these bones 
are primitive features. 

The basicranial region shows no structural detail. 

ScymnognfUhns xvhaitsi shows many resemblances tf) Gorgmiops 
in its snout. 

It sliows advances over Arciops in the tliinner basioccipital, 
smaller basi sphenoidal tubera, and less massive paroccipital pro- 
cesses. 

The l)rain-ca>Je is advanced over that of the Pelycosaur 
Diwetrodon in the groat forward extension of the pro-otic ami 
supraocci})ital and the junction of the latter bone with the 
epipterygoid ; a reuairkable feature is tlie foiward process of 
the basisphenoiil, which forms a door to the brain-case in 
advance of the pituitary fossa. 

The most striking advances over A^rctops are the great reduc- 
tion in width of the parietal region, the lengthening of the 
parietals, and especially the enormous increase in spread of 
the sciuamosals. The turning backv^ard of the upper part of the 
squamosal at the posterior margin of the temporal fossa makes 
that opening even larger, and increases the length of certain 
fibres of the temporal muscles. 

So far as known, similar difFerences separate Scymvognathus 
from Gorgonops^ the latter genus having much larger frontals 
than the former. 

By the great expansion of the width of the back of the skull, 
the orbits of Scymnognathvs are made to look partly forward. 

Another small but important advance in Scymuognathus is 
that certain fibres of the temporal muscle have secured an origin 
from the dorsal surface of the parietal region. 

Styymnognathm is probably lets advanced than Arctops and 
Gorg&nopa in its less vertical occiput. In the palate Seymno^ 
gnathus is probably less advanced than Gorgonops in the small 
size of the median groove, and its restriction to the anterior 
part of the palate and to a narrow space round the hinder end 
of the posterior nares. 

The incompletely known Leptotrachelm shows an important 
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Stage ill tlie a(iva.nce iu strueture of the basicranial region, 
alr^y discussed in P. Z.8. 1914, p. 1027, figs. 3 4; it is in 

this region more advanced tJian any other known hhvdothiodon- 
zoneGorgonopsid. It retains as primitive features the very large 
quadrate, large postfrontal and frontal, and a sloping occiput. 

Thus the E'ndothlodon-'io\\& Gorgonopsids show definite ad- 
vances over the Pelycosaurs in the direction of DMemikLon. 
Each form is advanced in ceitaiii features whilst retaining a 
more primitive structure in others, so that an imaginary animal, 
built up by throwing together the most advanced featui*es found 
in all the actual animals, would be far more mlvanced than any 
one is on the average ; although in no point would it be more 
advanced than a known form. In fact, the evidence existing 
here, small though it is, suggests that there is a limit to the 
total amount of advance possible to the members of a group in a 
given time, and that these changes may be distributed either 
over the whole animal or concentrated on a definite region, which 
will then present a structure of much more advanced type than 
is found in allied con tern pomneoiis foiins. A somewhat similar 
conclusion seems to have been reached by W. 1). Matthe\V from 
the study of the more ahuudaut material of fossil mammals. 

Discussion of the Gorgunopsitls of the (JiHtecephalm’''ione is 
rendered difficult by two factoi’s the incomplete descriptions 
and insufficient figures of many of the perfect skulls in S. Africa 
and New York, and the fact that the (Jistecephalus-zon^ is a 
long one ami that we <lo not know the relative ages of the 
Gorgonopsids tiom it. ft will appe^ir from the evidence to be 
brought forwMiMl in tliis pa])er that the forms from Dunedin and 
Nieuweveld localities are early, those from New Bethesda and 
the Kagalx»rg which are associateil with J)ic}/nodon tigriceps 
considerably later in time. There is. however, no stratigraphical 
evi<lence that this is so. 

From the CiMecephalm zone Broom and Haiightoii have 
described several forms as species of JScgmnognatUus — S, tigriceps 
B. tfe \i,j S, parvm Br., S, minor Br., S, angmticeps Br., S^serra- 
tidens llau., are all from the Nieuweveld. These forms may 
very possibly be congeneric ; they agree with Scy'nmognathvs in 
having i. 5, c. 1, m. 4-5, but ({uite certainly do not belong to 
that genus. Tliey differ from Ecgmyognathus whaitsi in the 
following characters : — 

^ The snout is very much deeper, its anterior en<l instead of 
being rounded is verticiil {cf. Broom, P. Z. 8. 1913, p. 225, pi. 36), 
the external nostril is much larger, the septomax illary foramen 
smaller. The anterior end of the nasal does not fully overhang 
the nostril. The top of the snout may he ridged, and the squai’e 
section wdth a pm)rhitnl depi*€HSMjion overhung by the prefrontal 
is entirely lost (cf. S* sermMetis^ Ann. South Afi-. Mus. vol. xH. 
p. 89, pi, xiii.). The snout is much shoi*ter and the prefrontal 
in consequence smaller. 
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There is no step in the upper jaw, the curved tooth-bearing 
edge of the premaxilla passing smoothly into that of the maxilla. 
In S. tigHceps the squamosals are not neiirly so much spread, the 
skull being much deeper in i^ropoition to its width. Jf we may 
trust the existing description of a not vej*y satisfactory pi^para- 
tion, the palate of tigriceps differs from that of S. whaitei in 
the loss of the anterior j)rojection of the pterygoid and the great 
extension of the palatines. On the other hand, judging from 
the description by Haughton of its eudocranial surface, the 
bmin-case of IS. tiginceps may liave greatly resembled that of 
8. whaitai 

Thus the Cistecephalus^zone animals leferred to Scymno- 
gnathua do not belong to that genus, but differ from it by a 
series of advances which wdll be seen to be all in the direction 
leading to Diademodon. Certain of these species appear to 
resemble Lycosaurus 2 >ardalis considerably, agreeing with that 
animal in dentition, the short high snout with a rounded dorsal 
surface, the large nostiii, the vertical internarial bar, the small 
exposure of the septoniaxilla, the absence of a step in the upper 
jaw, the short and deep maxilla, and the small prefrontal. All 
of them, ho weaver, seem to retain a large postfrontal bone. 

Two other remarkable forms, apparently from the lower part 
of the Ctatecephaliia-'/Amey 8cylacoj)8 cupeusia and (Jorgogmithna 
hngifrona^ are of interest because they strongly recjill Enilothiodon- 
zone forms. 

(Jorgoguathihs with its immensely long low snout somewhat 
resembles 8cyitinognathuH w/mitai, and its very broad interorbital 
and intertemjmral surfaces agree with (torgoiwps. It is, however, 
advanced in the following characters: Tlie loss of the step in 
the jaw, the rounded snout, and especially the vertical occiput. 
Haughton has pointed out anotlier advanced feature in tJ)e 
structure of the lmsicrania.1 region. Scylacopa is a small unusual 
form with a low broad snout: it is advanced in the exclusion of 
the frontal fi'om the orl^ital margin, in the rather vertical occi- 
put, in the loss of the step in the upper jaw, ami especially in the 
loss of the anterior ramus t)f the pterygoid ; it appears to retain 
a rather pi'imitive GorgonopsAilie nose and has only small 
temporal fossa\ Ih-oom’s figure of the occiput suggests that it 
is advanced in the shallowness of the paroecipital processes. [Jt 
is probable that the fragment of a Gorgonopsid skull which I 
described (Ann. k Mag. Nat. Hist. 191vl, vol. xi. p. fi5, figs. 1-4) 
belongs, if not to IScylacopa^ at any rate to a closely allied form.] 

Arctog^iathna cwrvwtola is a far more advanced form tlian any* 
so far discussed in this paper ; it presumably conies from a higher 
hoiizon in the Ciatecejihalua'Y^ow^ than Gorgognathiia^ etc. It 
shows advances in the following features : — The snout is short, 
narrower than the orbital region, rounded over the mid-line. 
The nostrils are very large and the septomaxillary foramen 
small. The nasals do not overhang in front. The interorbital and 
intertemporal surfaces are ntinow, the orbits facing outwards, 



CLASSIFICATION OF Tai2 THEBJODONTIA. 


79 


Upwards, and a little forwards. The postfrontfil is very 
small, the preparietal is absent. The maxilla is very short and 
deep, there is no step in the upper jaw. The prefrontal is short 
and probably small. 1 have already shown that tlie basicranial 
and otic regions are very advanced (Proc. Zool. Hoc. 1914, 
p. 1028). The epipterygohls are widened and flat, very much 
as in LHadetnodon, The posterior end of the quadrate ramus of 
the pterygoid no longer reaches the quadrate. The pterygo- 
pai*asphenoidal girder, instead of having a 8at ventnd surface 
from which a deep median crest rises, is rounded, with the crest 
represented by a low fillet. 

The palate is most conveniently compared with that of 
Gonjonopa^ which represents an earlier stage leading to it. 

The great median groove is deepened and its roof is entirely 
formed by a median vomer, which presumably represents a 
forward growth of the }K>sterior median bone of the Gorgowpa 
{Milate. Anterioily the ridge rising from the vomer in Arcto- 
(j^uiihns suggests that there was a soft secondary palate into 
which a secondary bony plate may have grown out in the 
concealed part of the palate. 

The tooth-bearing roughened area of the anterior ramus of 
the pterygoid lies much further back than in G&rgouopHy and the 
pterygoid no longer reaches the posterior nares. 

The quadrate of Arctognaihus is much smaller than that of 
tScgmnognathus. 

H'he conversion of Arctognatlius into a ‘‘Uynodont” like (^gno- 
demands only the followingcJiaiiges : — Htiil further thin- 
ning of the basis cra.nii, further re<luction of the quadrate wing of 
the pterygoi<l, the development of a connection between the 
quadrate wing of the e[»ipterygoid and the paroccipital ; further 
retrat!tion of the anterior ramus of the [)terygoid, so as to reduce 
the roughened areas to a pair of small knobs on each side of the 
posterior end of the median groove ; a little reduction of the 
ectopterygoid ; the development of secondary plates from the 
maxillae and palatines in the existing soft secondary palate; 
the conversion of the narrow intertemporal aiea into a sagittal 
crest, to increase the length of the temporal muscles; the loss 
of the j^Kjstfrontal, and a further reduction of the frontal and 
pi*efrontal, leading to an increase in size of the posterior part of 
the uas^ils. These changes are all in the same direction as those 
which convert a Pelycosaur like Varmo8(mrm into a Theriodont 
like GorgonopSy and an animal like Gorgomps into a form like 
AretogncUhusy and are, on the whole, smaller than those which are 
necessary to carry out the earlier improvements; in hicty A rcto- 
gnaHiUSy which is technically a Gorgonopsid, is structurally closer 
to CywgrmikxbB than it is to Gorgonopa. 

Amongst other advanced foms allied to the Gorgonopsidv’ and 
coming from the Ciatacephalna-zone are Ggnosachm and Wfmitaiay 
which have both been excellently described, though not com- 
pletely figured, by Haughton. 
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Whddtaia in a remarkable form with a somewhat primitive 
basicranial region, and a imlate which in general agrees with 
Goryompn^ but diflers in the development of a special process 
passing out on eacii side of the internarial bar so as to divide 
each posterior nosl-ril into two. [TJie meaning, morphology, and 
function of this arrangement are quite uncertain, the anterior 
vacuities are not extictly homologous with the anterior palatine 
incisions of mammals and Oynodorits, because tlie posterior 
border of these incisions is always formed by the anterior edge 
of the secondary plate of the maxilla. J Wfiaitsia is very advancetl 
in the reduction of the wide parietal region to a narrow sagittal 
crest, wliich characterizes it, and in the extreme reduction of the 
dentition. 

The preceding discussion shows that the Gorgonopsids include 
a series of forms which exhibit in their skulls a gi*adual series of 
changes by which so primitive an animal as Aretops passes in- 
sensibly into a Cynogiiatliid. It establishes clearly the existence 
of a series of evolutionary trends, which persist without cliange 
from the beginning of the Anomodonts in Varanosaunis to their 
end in Dlademodou^ and indeed to lead on to mammals. It 
remains to discuss the other primitive Theriodonts included in 
Broom’s order Therocephalia and the Deinocephalia, to see how 
far these evolutionary trends apply also to them, and to consider 
the relation of these forms to the Gorgonopsids, which are 
plainly the central group of the Theriodonts, 

No Therocephalian is at all well known, despite the very large 
number of forms which have been described. We know the 
dorsal and lateral surfaces of the skull in a good many forms 
(^Scylacosaurua^ Lycosmirm^ Scalopomurtis, etc.), the palate is 
known more or less completely in othei's (Scylacosauriuty IScym^ 
nosaurus, tScaloposaiiras, etc.). The basicranial region is known 
in no Therocephalian, neither has any occiput been figured. 
Haughtou has described the brain-case of AlopecognathuSy but 
his figure is not in all points the character of the supra- 
occipital and the relations of tlie interparietal and parietal) very 
convincing. 

The most important materials of Therocephalia in the British 
Museum are the more or less com})lete skulls of Scaloposaurua 
from the Cistecephahis-ume and Scylocosmirm and Soymno- 
aaarus tvatsoui from the TapmocepMus- zone, 

ScvMNOSAURUS WATSONi Broooi, Proc. Zoo). Hoc. 1915, p, 169, 
fig. 6. 

LycoauchaaX Watson, Proc. Zool. 8 (k;. 1914, p. 1036, fig. 7, 

Type : a skull with seven cervical vertebrae in natural aHicu- 
lation, other vertebra* and fragmentary limbs doubtfully 
associated. TapinocephxduH-zone^ llitkyk, J)ist. Prince Albert., 
Cape Province. 

The skull of the ty|)e is curiously preserved: it is embedded in 
a calcareous nodule, which breaks with a conchoidal fracture and 
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is HO loaded with a very fine siliceous mud as to l>e glass-hard, 
completely bhmtiug a carefully hard-tempered chisel after a 
single blow. 

The skull is broken through alotig the plane of the j)alate, part 
of that structure adhering to each block, I’he skull is then 
broken through by a split whicli passes through the brain-cavity 
and removes the whole left posterior corner of the skull behind 
the orbit. Finally, another split traverses the opciput, part of 
that region adhering to each surface. 

Wheie weathering luvs softened the matrix, very good pre- 
parations are easily made, and in thes^ regions, especially where 


Text-figure 2S. 



Occipital aspect. X 9. 


the bone has been cleaned by weathering, the preservation is 
extiuordinarily good. Development of the un weathered regions 
is a very ditficult and extremely .slow and te<lions process. Never- 
theless, I iiave heen to make a satisfactory preparation of the 
inner surface of the cranial cavity. 

The occiput now shows nearly every detail of its structure, 
although a direct view of its posterior surface cannot be seen. 
Its outline is well shown and the po^s^erior snrfacjes of the quad- 
rates and squaiuosals are clean. 

T)r. Broomes figures give a good idea of the general shape, the 
sti*ucture of the dorsal and lateral aspects not Wng shown. 

Proo. Zool, Soc. — 1921, No. VI. 6 
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My former fi^jfure gives a good idea of the palate, whose struc- 
ture ie well shown. It, however, does not clearly illustrate the 
exact mode of articulation of the <]uadrate to the squamosal and 
tlie structure of the extreme postero-latei’al corner of the skull 
and the. auditory groove. This inaccuracy , which is not of a very 
serious nature, was due to a misunderstanding by about 30® of 
the orientation of the detached left corner, which was at that 
time the better exposed. 

The basioccipital condyle is largely concealed by the attaclied 
atlas, but is partly exposed from below and cut by fi'actures which 
give sections through it. It is rounded and nearly twice as wide 
as it is deep. It is short and immediately in front of it, at a plane 
a little in front of the general occipital surface, lie the very 
broad and massive basisphenoidal tubera. These have a flat 
posterior surface overhung by the projecting exoccipitals, which 
are separated from them by the small vagal foramen and per- 
forated by small foramina for the XLlth nerves. The structure 
of the anterior part of the basispheiioid has already been described. 

The paroccipital process is very massive ; not otily is it thick 
from back to front, but the small post-tempoml fossa, is placed 
high up so that the process is deep. Although the fenestra ovalis 
is not visible there can l>e no <loubt, from consideiution of the 
general structure, that it lies far out. 

Very little of the supra occipitJil is visible from behind, the inter- 
parietiil terminating only a short distance above the foramen 
magnum. 

The joint snpmoceipital and inter jmi ietal form a very thick 
mass whose posteidor surface sbinds nearly vertical. 

The occiput, as a whole, forms an equilateral tiiangle witli an 
angle at the top. To the lower parts of tlie lateral sides of this 
triangle two others are added, standing out as fins ; these ai e 
composed of those parts of the si|UHmosals which articulated with 
the jugals. 

I’he lower and median parts of the main triangle are flat and 
stand vertidalJy. the lateral borders are turned back, so that 
viewed as a whole tlie occiput is deeply cupped, the back tin’ned 
margins gradually approach one another and, finally, fuse to form 
the very deep sagittal crest. 

The extreme upper pai*t of the ocsciput is formed by the 
parietals, the interparietal tei'minating far below the summit. 

Latemlly the parietals are covered by the tabulars, which form 
the margin of the occiput for some distance, strengthened by 
production of the parietals along their anterior faces and more 
laterally by a similar covering of squamosals, which, indeed, over- 
lap onto the parietals. 

The squamosals articulate, as just described, with the parietals 
and tabulars, and then extend outward into powerful processes, 
their upper parts being turned backward so as greatly to increase 
the size of the dorsal opening of the temporal fossie. 

The ventral halves of their posterior surfaces are vertical, 



CLASSIFICATION OP THE THBRIOBONTIA. 


83 


continuing the plane of the paroccipital processes, with whose ends 
they are rigidly articulated. The posterior surface of the lower 
paH of the squamosal is separated from that of the paroccipital 
by the usual ridge, which borders a groove for the external 
auditory meatus. 

This ridge continues upwards until, just below the level of the 
post-temporal fossa, its hinder margin is turned inwards as 
a scroll with a thickened edge in a very unusual inantier, not 
undei'stood by me when I published my figure of the palate. 


Text-figure 24. 



Set/mnosaurus ukutsoni Broom. Type-»kull. 


Hmin-caso in SHgitttil sfH'tion iseon from tlio left sido. Tiipipt©r3 goid of Ipft 
side seen in outer view. X 
I.Au.M., iutenial auditory meatus. 

This scroll overhangs the occiput, but very rapidly subsides 
into the general surface of the squamosal, just at the point where 

that bone begins to bend backwaixi. v. r . 

The lower edge of the squamosal is thin and is split by two 
notches associated with the attachment of the quadrate. 

The quadrate, or in all probability the fused* quadrate and quad- 
rato-jugal, is relatively small, nothing of its hinder surface being 
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visible except the extreme articular edge and the two processes 
which interlock with the squamosal. There is evidence that it 
is no higher than the paioccipital process, but its upper edge and 
front face are not seen. The bone extends only veiy slightly 
laterally of the outer process, forming the extreme end of the 
lower maigin of the occiput. Above its end the bonier of the 
squamosal runs upward and slightly outward, its front face being 
supported by the jugal. 

Tiie plan of this very i‘emarkable occiput is repeated in a less 
exaggerated form in Scylacoaaurus sdateri, so far as the still vei'y 
incomplete preparation of the British Museum skull allows of a 
comparison. 

The brain -cavity of Scymnosaurus behind the epi pterygoid is 
now fairly well exposed, its general characters will be best under- 
stood from text-fig. 24. The foramen magnum is extremely 
small, but the brain-cavity is somewhat larger than would be 
anticipated ; although not high it is fairly broad, especially in 
advance of the exit of the vagus, it is of normal Anoiiiotlont 
type with an opening to the inner eai* placed very low down and 
with this opening confluent with the foramen for the Xth nerve. 
The sunken edge which sepamtes these openings is continued 
upwards by a ridge on the wall of the brain-cavity, which 
separates the narrow medullary from the wider cerebellar region. 
The pituitary foswi, although not cleared of matrix, is undoubtedly 
shallow. There is a powerful pro<;ess below the notch for the 
Vth nerv^e, and the supra occipital, with possibly a strip of the 
pro-otic, extejids forward as side-walls as far as the epipterygoid, 
passing median of that hone. 

The limb-bones doubtfully associated witJj tlie typc-sknll are 
small and very slender, so that if they really belong to it the 
proportions of the animal must have been like Jlymnodon. If 
they do belong the agility which they imply may be the ex- 
planation of tlie unexpectedly large cerebellar cavity, w'hich, 
however, shows no trace of fioccular fossa\ 

It is interesting to compare ScymnosauruH with ScyimHiyiiaihv^, 
which is of about the same size, though later in time. The two 
animals are carnivorous and have very similar dentition, especially 
in the feeble molar series. 

The Thei'ocephalian is the more advanced in the following 
characters : — 

1. The reduction of all parts lying below the base of the 

brain, tlie basioccipital, basisphenoid, and especially 
the quadmtes. 

2. The reduction of the intertemporal region to a narrow 

sagittal crest. 

3. The shortening of tlie snout. 

4. The lengthening of tlie temjioral fossae. 

Scyntuoaaarm rather lecalls Scymnognathua in its stjuare-cut 
snout, Scylacoaaurm is much moie advanced in the rounding of 
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the dorsal surface of the nose, in both forms the extreme lowness 
of the face in early Gorgonopsids is lost, the maxilla being deep 
and the anterior part of the skull in general high. 

The incisor-teeth in Scylaeomurtis are small and the premaxilla 
shallow below the nostril. 

There is no step between the canine and tlie incisors, the teeth 
forming a curved row like that of the latest Gorgonopsidsand the 
Cynognathida. 

A preparietal appears to be lacking in I'berocephalia, other- 
wise the interorbital region does not differ greatly from that of 
Gorgonopsids. 

In the palate the Gorgonopsids are all more primitive than the 
two Therocephalians in not possessing a snborbital fossa. They 
are, however, all far more advanced in their possession of the 
vaulted palate, wdiich leads so directly to the development of 
a secondary palate, and in the complete suppression of an inter- 
pterygoid fossa. 

The median pai-t of the palate of Scymnosmirua even projects 
slightly above the geneifil level, that of Scylmosauriis is essen- 
tially flat. 

Scymnosaurtts shows an advance on Scylacosaurus in the median 
vomer which appears on the palate. 

Both Therocephalians iigi’ee with one another in cei tain special 
features, such as the extent to which the ectopterygoid con- 
tributes to the pterygoid flange (in which tliey differ fi*om the 
Gorgonopsids); and in their general appearance, in the structure 
of the occiput, etc., they in no way recall the Oyriognathids, as do 
all the Gorgonopsids dealt with in the preceding parts of this 
paper. 

JScynmosatirus and Scyla>co8anru8 ai*e Tapinocephalus-zoue 
forms, and there is no evidence of any animals with similar 
structure in the succeeding Undothiodan- and Cisteoephalus- 
zones. 

No certain Therocephalian is known in the Endothiodon-zone> 
(as I understand it), unless Broom's Ictidognathus is of that age. 

In the Cistecephalus-zono Scaloposatirus^ repiesented only by 
the type-skull from Stylkrantz, is tlie only satisfactorily preserved 
form. It has been well described and figuml by Owen and Broom, 
whose accounts should be referred to. The little skull diflfers 
exceedingly from Scymuosaurus^ the temporal fossaa are short, 
there are no pronounced sagittal and lambdoid crests, the squamo- 
sals are not expanded, and the pastorbital apparently does not 
reach the jugal behjlnd the orbit. [This may be only on account 
of weathering of the surface."] 

On the palate there is evident a wide interpterygoid vacuity, 
agi^eing with the much nan’ower opening in Scymno8(mrus\ there 
are large suborbital vacuities as iri that form. Nothing is shown 
of the anterior part of the palate, nor are the details of the basis 
cranii well displayed. 

Thus the extant material of Therocephalia sheds no light on 
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the evolution of that group, and the known forms are so few that 
no classification is possible. 

It is, I think, reasonable to assume that the Therocephalia 
have sprung from the Gorgonopsid stock, and that they represent 
a series of distinct branches which display a much more rapid 
advance in structure than tlie conservative main stem. These 
advances are, on the whole, along the trends of Gorgonopsid evo- 
lution, quite eaily Therocophalians thus agreeing in certain 
features with Oynognathids. It is, ns 1 have already shown, 
probable that Baui'ia and its allies are descendants of Thero- 
cephalia, representing tlie prorhict of a parallel series of changes 
to that which resulted in Cynognathti/us imposed on a different 
ancestor. 

in the preceding part of this paper, I liave dealt only with a 
selected series of Gorgonopsids which present resemblances to the 
Oynognathids, and have tacitly assumed that these forms are 
the main stock. There are, however, many other Gorgonopsids 
which appear to I'cpresent side-branches, displaying either 
accelerated evolution of certain features or else individual 
specialisations. 

Of these forms the earliest and one of the best known is uEluro- 
saurus felimis Owen. This form was first described by Owen, 
Q. J. G.8. vol. xxxvii.p, 261, pi. ix., Seeley subsequently figuring 
an incompletely prepared palate. Bioom Inter corrected certain 
features of Seeley^s description of the side of tlie skull. 

The Bidtish Museum includes, in addition to the type, two 
snouts which were regarded by Lydekker as /E, felinus. Broom 
left manuscript- labels concurring in the identification, and 
a detailed examination which I made of them showed that the 
external surface and dentition are in complete agreement. One 
of the specimens had no lower jaw attacheci a.ud the palate has 
been developed, with the remarkable result that it is shown to 
differ very considerably from the type, being probably generically 
distinct. The whole circumstance is of importance, beca-use it 
shows that a specimen showing only the outer surface of the 
snout and dentition of a Gorgonopsid may be an inadequate type. 
In text-fig. 25 I give three slightly reconstructed views of the 
snout of B.M.N.H. R. 855 from the Endothiodon of Beau- 
fort West. This type is very advanced in the depth and rounded 
section of the snout, in the supression of a step in the maxilla 
before the canine, and in the relatively slight overhang of the 
anterior bolder of the nasal. It retains a very large septo- 
maxillary foramen and a large facial exposure of the septomaxilla. 
The palate unfortunately sliows no sutures, but gives a good view 
of the general form. In general form this palate diffei’S very 
considerably from that of Arctops^ Gorgonops^ Scym^iognathus^ etc. 
The median region is excavated into a very narrow groove 
bounded laterally by massive processes, whose palatal surfaces 
bear small teeth in sockets. Lateral to the process is a small 
fenestra or possibly a very deep pit with a well-defined margin ; 
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further laterally the palatine forms a deep groove, flattening 
out as it is traced forward until it becomes the nearly vertical 
surface of that anterior part of the bone which bounds the outer 
side of the posterior nares. The pterygoid flanges are powerful, 
but differ from the ordinary Gorgonopsid type in that the ecbo- 
pterygoids extend down to their summits. There is a single inter- 
narial Imr whose ridged lower surface lies far above the lower edge 
of the maxilla. 

Text-figui'e 25. 



JBluro8aurid, ? gen. efc Bp. 

1>orsal, right lateral, and palatal views of tlio anterior part of a skull. 
R. 866, RM.N.H. Xi 


The palate is of the same type as that of JUlurosaurm felinua. 
hut differs in the much smaller development of tooth-bearing 
areas and in the much more caudal position of the hinder ends 
of the posterior nares. 

An analysis of the structure presented by a series of animals 
belonging to the Theriodontia thus suggests that that group is a 
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natural one, the conservative main stem which leads on to tlie 
Cynognathids being represented by a series of Gorgonopsids of 
which Gorg&tiopa itself is one of the most primitive members. 
From this stem side-bmnches arise, which retain the broad 
parietal region and other primitive features, but present either 
an accelerated development of certain regions or are indi- 
vidually specialised. From still earlier members of the main 
stem arose the groups of animals, resembling one another in 
tlie precocious conversion of the broad intei*tempoml region into 
a sagittal crest and in the acquirement of suhorbital vacuities, 
which are usually included in the Theroce})halia and belong to 
many independent stirps, each in all probability being dependent 
on the main Gorgonopsid stock. It is shown that there is a 
senes of evolutionary tiends which jiersist throughout the whole 
group of Anoinodonts from Vara'iwsatmis to JHademodon^ and 
that the special rapid advances wdiich separate the Therocephalia 
from the Goigonopsids, in the main, merely follow out the pre- 
determined evolutionary track juoper to the group. 

Thus any classification of the Theriodontia is necessarily 
complicated, as involved and difficult of construction as that of 
the Theria themselves. Existing material is so incomplete that 
any attempt at detailed classification, even if only into families, 
is dangerous, in that it will load the literature with undefined 
groups, whose cliaracteristic forms may only he known from the 
front end of the skull or the dentition. 

The detailed descriptions of skull-structures in this paper show 
how unreliable, even for generic distinction, are the characters 
pi’esented ])y the teeth of jlieriodonts. 

Thus, for the pi*esent, 1 am inclined to retain my former 
division of Theriodontia into Gorgonopsida^, Therocejdialidap, 
Cynognathidfe, and Bauiomorpha, fully recognising that these 
groups — or, at any rate, the first two — trover a multitude of forms 
not directly of common origin aiul only held together by two 
or three striking characters. 

It remains to discuss the connections of the Theriodontia 
with the other groups of Houth African Anoinodonts — the 
Deinocephalia, Dromosauria, and Dicynodonts. 


In the copper-bearing sandstones and associated limestones of 
the Ural Mountains, which immediately succeed the Artinsk 
beds and are shown by a comparison of reptile and amphibian 
faunas to be slightly older than the Tapinocephalus zone, are 
found three types of Anomotlonts, each represented by skulls or 
jaws: of these Deuterosaurus is clearly a Deinocephalian of the 
Tapinocephaloid group recalling many South African forms. 

Deinoaaurus {sszCliorhizodori) is represented by jaws, in one 
case associated witb a palate whose dorsal surface is well exposed. 

Eliopahclon is a name covering not only several jaw -fragments 
but also a complete skull, which was described by Prof. Seeley. 

Of this skull, remarkably beautiful lithograj^hic drawings of the 



JRhopalodonJtweheri Kntorga, 

Refttonition of skull from the figures published by Seeley, PhiL Trans. B. 186, 1894. 
and the biuin-oaae figured by von Meyer, * Palieontographica.' 

Parts in broken lines hypothetical, sutures in dotted line suggested by the 
original figures. 
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dorsal surface and right side were published by Seeley, and that 
author also gave less intelligible figures of the palate and of 
the much damaged occiput. 

This skull has the lower jaw in position, and except for the loss 
of the end of the snout appears to be (as are the other bones 
from the same rocks) very well preserved and undistoHed. 

The skull itself is in Jlussia and quite unreachable, but in the 
light of our j)resent knowledge of Anomodont structure it is 
possible by a careful study of the drawings and of Prof. Seeley’s 
description to gain a. clear idea of its more important features. 
In text-fig. 20 I have drawn four reconstructions of this skull 
on the indic^itions available. 

For the occiput 1 have used that figured by von Meyer as 
Deuteromvrvi^, which cannot belong to that genus because it is 

Text-figure 27. 



lirain-caAo of JRhopalodon P 
Ifiten)! as)>ect. X 

From n cast ia tlu* British Museum of the siHHjimeu by von Meyw 

as DenUroiaunii, 

only half the size of that in the skull figured by Seeley, and does 
not appear to agree at all in structure. It is, on the other hand 
of very nearly the same size as the occiput of Seeley's Ehopcdodon 
skull, shows no features incompatible with the wreck of that 
region in this skull, and must presumably belong either to 
Bhopalodon or the very similar DeinoaauruB, 

jRkopalodon at once recalls the Pelycosriurs in nppeamnee and 
in certain structural features. It has a high compressed snout 
passing backward into a square-cut lachrymal region, with a 
depression overhung by a proiecting ridge on the prefrontal, just 
as in JKmetrodon, The jugal in its shape at once recalls that of 
the earlier genus. It differs from Dimetrodmi in the much 
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larger temporal visible from above, in the outward bowing 

of the zygoma, in the vertical occiput, and in the smaller 
lachrymal-^all changes which follow the ordinary trends of 
Theriodont development. 

The neural cranium, as shown in von Meyer’s figures and in 
text-fig. 27, is Pelycosaur-like in general build, and especially in 
the cj^mplete absence of that forward growtli of the supiuoccipital 
and pro-otic above the notch for the Vth nerve wdiich occurs in 
Theriodonts, and in the oc<‘urrenc^ of a special notch for a vein 
above the incisura prooticis. 

This occiput is, however, specialised in the development of a 
mass of hone below the basioccipital con<lyle, which is presumably 
associated with a very vertically placed fenestra ovalis. The 
development of this plate is the explanation of the extreme 
depth of the pituitary fossa. 

The palate of lihoj>alodon recalls that of Ditmirodon in its 
massive tlanges on the pterygoids and in the row of teeth which 
decks them. The very l.arge internal nares also recall certain 
advanced Pelycosaurs. 

In certain ways tlie skull of Rhopalodon resembles that of "the 
more primitive Gorgonopsids ; the dorsal surface of the skull, for 
example, is ver}^ like that of Gorgog'imthus. The side view 
differs, however, in the great depth of the snout and in the 
relatively powerful molar dentition. 

Although Seeley’s figures are not very readily interprete<l in 
that region, it seems that the quadi^ate of Rhopalodoii is large 
and well exfx)sed from behind, and that its outer edge lies on the 
outer surfiice of the skull exactly as in the South African 
Deinocephalia, and not at all as in the Gorgonopsids, although it 
represents a state from which that in the latter group could 
readily be derived. The brain-case of Rhopalodon differs from 
that of any Gorgoiiopsid in the vertical plate below tlm condyle 
and in the non-extension of the supraoccipital, etc., forward. 

It is unfortunate that no part of the palate behind the fiange 
is preserved, hut judging fi*om the fi’ont of the fragment of basi- 
sphenoid preserved in the o<^ciput, and the genenil structure, there 
can have been no narrow bar separating the subtemporal fossae 
as in Gorgonopsids, but tlie conditions must have been more as in 
the South African Deinocephalian Momiosaurus, There is, in 
fact, no doubt that Rhojxd^on is not a primitive Gorgonopsid, 
but is a primitive Deinocephalian, with the membex-s of which 
group it agrees in all the chanicters in which it differs from the 
Theriodonts. Its general resemblance to primitive Theriodonts 
suggests, however, that we are very near tlie point of separation 
of these two orders. ^ 

The pi*esent seems a suitable opportunity for adding to the 
description which I gfhve (Proc. ZooL Hoc. 1914, p. 770, etc.) of a 
skull refen'ecl ti> TUanoeuehtis, I i^ecently found a block fitting 
on to the fragment of maxilla of that specimen which contains 
the anterior end of the maxilia, paii® of the piemaxillse, septo- 
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maxilla, etc. This addition shows that there are only thiw 
premaxillary teeth, that the end of the snout is longer than in 
the original figure, and that it is rounded. Thus the skull 
belongs to anew genus and maybe called Antfioaa/nriia magnificus^ 
gen. et sp. nov., holotype R. 3595, B.M.N.H. 


Text-figure 28. 



Ri^ht lateral and jialatal views of the anterior part of the aknll of the liolotypt 
of AnteoHanrua magnificua^ gen. et sp. n. 

Varta in broken lines re^ttorod, areas surrounded by thin iru^gular lines 
present in the specimen. X 

The general structure will be best understood from text-fi|^. 28. 
The septomaxilla is a small bone lying within the nostnl, to 
which it forms a floor, passing inward nearly to the middle line. 
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it articalAtett with the uasttl posteriorly, with the maxilla in the 
middle, there being apparently no septomaxillary fomnien, and 
with the premaxilla in front. 

The palatine extends forward to the middle of tlie canine 
tooth, forming tite greater pai*t of the outer wall of the long 
narrow posterior nares ; at the hinder end of the opening it has a 
suture with the prevomer, which appears to form the whole 
inner border of the nostril. 

The prevomers are unfused, each provided with a high, tliin 
dorsal ridge, similar daiiges fit)m the ptetygoids passing between 
and separating those of the prevomers. 

The whole structure is like that of the Tapinocephaloid 
Monaoambrm^ and especially like that of the detacii^ nose which 
seems to belong to Lamicufanrus. 

The structure of these p^ilates mises doubts as to the forma- 
tion of the internarial bar in Gorgonopsids by the fusion of a 
jmir of prevoniers, because in the Deinocephalia the pterygoids 
sepai^te the posterior ends of the pi'evomeiv, whilst in Gk>rgo- 
tiopsids they clas[» the outer sides of the posterior ends of the 
internarial liar. The diiliculty is not, however, an insuperable 
one. 

The relation of tlie l)icyno<lonts to other Anomodonts is a 
subject on which tliere has l)een much difference of opinion, but 
which can be more satisfactorily discussed now that many details 
of Gorgonofjsid structure ai-e known. 

The characteristic features of all Dicyiiodonts are : — 

1. The ixxcipital coinlyle is triple, the exoccipitals forming 

its upper parts. 

2. The supraoccipital is only slightly diawn forward to 

form side- walls to the hmin-case. 

3. The fenestra, ovalis lies at the end of a long tube com- 

municating with the vestibule. 

4. The temporal fossae are very large. 

5. The face is short. 

6. The premaxill® are edentulous and the maxilUi is carrietl 

out laterally to the molar teeth, if any be present, and 

its margin is a sharp lidge covered by a horny sheath. 

7. There is a rudiinentary secondary palate. 

8. The prevomers are fused, forming a roof to the depressed 

median i>art of the palate. 

9. There are no definite pterygoid iianges. 

10. There is an interpterygoid vacuity reaching l)ack to the 

basipterygoid process and forward to the prevomer. 

11. Both quadmte and quadrato-jugal form tlie ai*ticu]ar 

condyle for the lower jaw. 

1 2. The squamosal is of characteristic shaj^^e with a wide Mat 

Kygoniatic pivrt rising from the iqq>6r }>art of a flat body, 

the lower part of whose front face is covered by tl^ 

quadrate and quadrato-jugal. 

13. The dentories are fused and extremely massive. 
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When the structure of the skull of a Gorgouopsid was dis- 
covered, Broom and I independently pointed out the many 
resemblances which it presented to Bicynodonts in the inter- 
temponil, basicranial, and other regions. 

These resemblances are real, but, with the exception (?) of the 
occurrence of a preparietal, lie entirely in the common possession 
of primitive Anoinodont characters, such as the broad parietal 
suiiace and the main features of the basis cranii. When con- 
sidered in more detail, the structure of sucli a Dicynodont as 
Bndothiodaii seems to show uo such resemblance to that of a 
Gorgonopsid as to imply any closer connection between the 
two groups than either of them bears to the Deinocephalia 
or Dromosauria. 'fhe secondary palate of E'iidothiodon is dif- 
ferent in type from that of Diademodon and all the forms of 
Goi'gonopsids leading up to it. In them, as in mammals, the 
original vaulting of the palate is brought about by a down- 
growth of the tooth-bearing edge of the maxilla below that of 
the premaxilla ; the internarial bar remains attached to the 
ends of the palatal processes of the premaxillaj, and when the 
secondary plates of the maxillie grow out they lie ventral to 
the palatal pai*ts of the jiiemaxilhe. In fact, the original surface 
of the palate lies on the roof of the naso-pbaryngneal duct, the 
sides of the palate growing <lown below it. 

In Endothiodon (tcxt-%. 29), on the other hand, the palatal 
surface of the premaxilhe lie in the same plane as that of the 
maxillie and transverse hones, the posterior uares open into a 
deep groove, excavated in the original jialate, which is roofed 
by a great forward growtli of the prevoniei*s over the region 
formerly occupied by tlie lai-ge posterior iiares. 

Thus it appears that the palate of Ihcynodonts d(>e8 not 
present a real resemblance to that of Gorgouopsids, hut repre- 
sents a difterent mode of development of a secondary pilate, 
identical with that of a Uhelouian. One of the most striking 
features of the Ihcynodont palate is tlie loss of the pterygoid 
flanges, which are only represented by slight eminences on the 
edge of the nanow posterior paH of the jialate over the l>terygo- 
trausverse suture. This loss seems to be due to the very great 
expansion of the temporal muscles S(|ueezing them out of exist- 
ence, their presence not being necessary to iusui e accurate closure 
of the mouth in an animal without a closely -fitting dentition — in 
some cajses their function being taken over by the long canines, 
which often present wear-faults on their inner sides in large 
Dicynodonts. 

When allowance is made for the changes resulting from the 
development of tlie horny covering of the edges of the jaws and 
the extension of the crushing palate, it is readily seen that the 
main plan of the anterior part of the Endotkiodcn palate is 
reducible to that found in Therocephalia, except for the absence 
of suborbital fenestrie. 

Posteriorly, however, there is in Dicynodonts no trace of the 
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long aai row girder which iu the Theriodonts extends from the 
basipterygoid processes to the flanges of the pterygoids, and it is 
therefore probable that the iJicynodonts separated from the 
Theriodonts before the establishment of this feature — that is, at 
about the same time as the Deinocephalia. At the same time, in 


Text-figui’e 29. 



Dmwn from H. 4044» the quadratots, quudmtt>-jugHl8 nnd 

and (loadnite rauii of the pterygoids, from other matenal. 


tlie Dicynodonts as in the Deinoceph^ia and all other S. Afrii&tin 
Anomodontia in which the facts ai’e known, the descending 
flanges of the ptei'ygoids lie ivell in advance of the basipteiygoid 
processes, a position which is markedly different from that found 
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iu all non^iuaiumaMike i^eptiles, but which has arisen within 
the group, as it does not occur in Famnomurus, 

The relation of the Theriodoutia to the Drouiosauria is obscure, 
because of our very slight knowledge of the detailed skull-struc- 
ture of the members of that group. In general build the 
Dromosaur skull differs from that of the Theriodonts and also 
of the Pelycosaurs in the extreme shortness of the face. In this 
feature, and also in the depth of the squamosal below the root 
of the zygoma, it recalls tlie Dicynodouts, differing from them, 
however, in retaining a very short temporal fossa. The Dromo- 
saur skull recalls that of Bolosaurus, and also still more strongly 
that of PalcBobaihria, if my interpi*etation of (Ji*edner*s figures of 
• tiiat animal be correct. There are in the structure of the 
post-cranial skeleton no characters which show significant resem- 
blances to any other South African form, and it seems not 
improbable that the group represents the end members of an 
Artinskian group which survived into Upper Permian times. 

Thus, in my opinion, the throe orders Deinocephalia, Dicyno- 
dontia, and Theriodoutia uuiy have arisen from a common stock 
whose direct conservative descendants are the Gorgonopsids, 
and the Dromosiiuria may represent a more widely separated 
stock of the Anomodoutia. 

One other line of argument which 1 Inive not l>efore considered 
is concerned with the dentition. 

In a discussion of the Dbmirodon dentition on p. 70, J pointed 
out that it is desirable in a carnivorous animal with an enlarged 
canine towards, but not actually on, tl»e front end of the lower 
jaw to have enlarged premaxillary teeth before the diastema to 
balance the large canine behind that gap. In sucli earlier 
Gorgonopsids as Gorgonops and Scymnognatfms^ the incisors are 
actually of great relative size, much bigger thaii the cheek-teeth, 
though, of course, not rivalling the great canines. 

In Deinocephalia, both Tapinocephaloids (e. g., DeMi^OBWwnm) 
and Titimosuchids(e. g., Aiiteosaarus)^ the incisors may be of very 
great size, and in the former group very curiously converted into 
efifective crushing- teeth. Both these animals have an enlarged 
canine, followed in the one case by a single molar, in the other 
by a row of eight very small teeth ; in D6lno8aiiru8 ((M<)rhizodoa) 
thei*e is a single enlarged canine followed by ten smaller cheek- 
teeth, all larger than the single incifjor preserved. 

Thus in this feature the l>eituK^ej)balia present a definite 
resemblance to the Gorgonopsids, one whicli is shared also by 
Diimtradon, 

In, later Gorgonopsids, as I have shown al)ove, the incisors 
become relatively smaller, and the “ molans,*’ although not 
increased in number above the original five, become relatively 
larger. 

There is some evidence of an irregular replacement of all the 
teeth of a Gorgonopsid. 
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When the Cynodontia are reached we find a atill further 
decrease in the relative importance of the incisors, together with 
an increase in the number of cheek-teeth in Cynostwhm to 8, all 
still much smaller than the incisors, in Nythoaawrus to 8, 
all larger than the incisora, Oaleaaurus ‘HO, Oynognathtis 9, 
Diftdemodon H2, Trtrach^don 9. This sudden increase in the 
number of cheek-teeth seems to be associated with the develop- 
ment of a bony secondary palate, which allows of prolonged 
mastication being carried on without obstruction of the naso- 
pharyngeal passages. 

It is important to note that the anterior five “ molars*' of 
Oynognathua crateronotus are sharply distinguished from those 
which succeed them, and that in Diademodm, when the four 
anterior cheek-teeth are similarly distinguished by structure, 
these teeth and these alone amongst the cheek-teeth give indica- 
tions of replacement. 

In fact, the evidence brought forward by Broom (Bull. Amer, 
Mus. Nat. Hist. vol. xxxii, p. 465), although it is not quite so 
conclusive as one could wish, does tend to show that th^ 
Cynodonts had a thoroughly mammalian dentition with premolars 
replacing milk-pred«x;essors and molars never replaced. 

Comparison with Gorgonopsids suggests that the premolars are 
the original cheek-teeth, the molars representing a new backward 
growth of the dental lamina, in which the teeth all belong to a 
single genemtion, and from tbeir origin have never bmi either 
pr6decessoi*s or successors. 

I hope to return to a consideration of the whole problem of 
(hiiital succession in early reptiles shortly. 

The Gorgonopsids being characterked throughout their history 
by the possession of a veiy short series of molar teeth, we have to 
(ionsider tlm problem presented by the fact that whilst some 
Therocephalia, e. g., ScymnoBamne and Hycnimuchua, resemble 
them in this feature, others, Ahpficodmi etc. amongst large forms 
and Icticaphalm and Sadopomv/rm amongst the small, retain 
a large series of molars, without, so far as known, having a 
secondary palate, and possess in addition small incisors. 

It seems reasonable to regard these latter animals as unmodified, 
the dentition being derived directly from their ancestors, whilst 
Hyaino8n>chi8 represents a parallel reaction to that of the Gor- 
gonopsids to similar feeding habits. All detailed discussion of 
the dentitions of Theriodontia are rendered nugatory by oiir 
complete absence of knowledge of the pastcranial skeleton, for 
only by a study of the whole structure is it possible seriously to 
consider the habits and adaptations of an animal, and teeth i-eact 
perhaps more quickly than any other structures to external 
impressions. 

In any case the occurrence of these Therocephalia ns with a 
long tooth-row and small incisors, and of a .similar strnctiue in 
Cliorhizodon, shows that the heavy incisors of Gorgonopsids 
Paoo. ZooL. SOC.--1921 , No. VIJ. 7 
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and Deinocepba]ia haye boen independently acquired by tbeee 
two groups. 


The study of Theriodont structure and evolution, which is the 
c intent of this paper, thus leaves us still without any satisfactory 
classification of that group, but in its establishment of a series of 
evolutionary trends, which persist throughout the history of the 
Anomoclontia, has 1 hope laid a solid foundation on which a 
natural aiTangenient may in future be built up when increased 
knowledge allows an examination of the adaptive radiation of 
the order to be entered on. Meanwhile, the forms whose skulls 
are well known fill in with considemble completeness the great 
morphological gap which exists between the Lower Permian 
Pelycosauria and the Lower and Middle Triassic Oynodonts, and 
in this way enable us to understand the material steps in the 
evolution of almost all the structures of a Cynodont skull fi*om 
those in so primitive a reptile as Seymouria or, indeed, in the 
still more primitive Embolomerous amphibia. Dealing as it does 
with many divei-se faces of the subject with which it is concerned, 
this paper does not lend itself to summarisation, but the point of 
widest interest brought out in it is undoubtedly the demonstration 
of the occurrence of the same evolutionary trends in so many 
allied branches in the Pelycosaiirs, Qorgonopsids, Therocephalia, 
and Deinocephalia ; and the fact that the changes brought about 
in accordance with these trends often serve an adaptive purpose 
and appear to depend on mere mechanical necessities. 

My thanks are due to the Percy Hladen Trustees for defmying 
part of the expenses of my visits to South Africa and Texas. 
To Dr, A. Smith Woodward and Dr. C. W. Andrews I am 
indebted for many facilities and much kindness in the British 
Museum, and to the Department of Industrial and Scientific 
Research I owe the stipend which has enabled me to carry out 
this work. 
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4. Experiments on Colour-changes o£ the Spotted Sala- 
mander (Salamandra maculosa)^ conducted in the 
Society’s Ganlens. By E. G. Boulekgeu, F.Z.S. 
((hinitor of Reptiles). 

(^Received Oolohor 39, 1920; Hmd Marcli 8, 1921.] 

(Plates J. & II. : Text figure 1.) 

The lemavkahle experiments comliicte<l in recent years at the 
Biologische Versuchs-anstalt, Vienna, by Kain merer on the 
action of modified environment on certain Batrachians have 
attracted much attention, and a g(x>d deal of criticism. Prof. E. 
W. Mac Bride, F.R.8., to vviiom I am indebted for iriiich help 
and advice, suggested to me last year that an attempt to re])eat 
the exjieriments conducted by Karnmerer with the Spotted 
Salamamler (Salainundra uuictdoBa), on tluj coi*relation between 
the coloration and the conditions under wljich Salamamlers may 
be subjeotetl to, wouhl be of special interest. Accoiding to 
Karnmerer, an increase of the bright colour take.s ]»lace on a 
yellow soil, especially when the animals are kept in tenuria 
coloured yellow in such a manner that yellow rays of light fall 
on the Salamanders, wdiilst tive reverse takes place when they 
are kept in the dark on black humus. Further, he claimed to 
luive succeeded iu the extremely difficult ta.sk of inducing his 
Salauiamhus, which he kept under the above comlitions, to breed 
iu ('aptivitv, and states ilia t the offspring inherited the characters 
of their panuits, being yellower or blacker than the norma), 
according to the surroundings in wdiich the first generation had 
been placed. During tlie jia.st year I Ijave been keeping under 
conditions sinular to tliose referred to by Kainniercr a large 
number of Sulainanders received from the French dura, thanks to 
the kindness of Mine, i’hisalix of the Pasteur Institute, but it 
is as yet too early to expect any striking changes, and the 
pie.sent paper <leals with the results obtained by re]>eating 
ccrbiin experiments comlucted by Kammerer’s pupil, Secerov, 
who kept Salamander larvjc in aquaria under yellow or black 
conditions Secerov unfortunately sta.rted liis expeiiments with 
only four larvnp, the offspring of a Salamander of the varietv 
tcpuiata. 1Svo of these larvjc were placed in an aquarium 
coloured yellow’ and two in an aquarium coloured black. Tlie 
results he obbiined were as follows : — 

That Salamanders kept in yellow surroundings when in 
the larval stage were on transformation yellowtu' than their 
mother : that the spots wei*e larger and had a tendency to 
fuse together. 

That the reverse takes place when Salamander larva? are 
kept in black surroundings, the ti'ansformed animal being 
darker than the mother : that the spots are smaller and 
more numerous. 


1 * 


‘ Riolot^iftchos CVntralblntt 1914. 
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In January of this year (1920), I was given a pregnant Sala- 
mander of the variety tmniata, which I was informed was 
received from Western Germany. In this specimen (see text- 
fig. 1), in which neither the black nor the yellow can be said 
to predominate, the dorsal spots are confluent into broad bands 
along each side. 

On February 2nd this Salamander gave birth to 32 young, 
and half the larvfe were immediately placed in aquaria 16 inches 
square, entirely painted orange-yellow, whilst the other half 
wen* placed in similar aquaria painted black all over. In the 

Text-figure 1. 



course of their larval life 12 of these young Salamanders died, 
7 of those placed in the yellow aquaria,, and 5 of those in the 
black aquaria. Of these, however, two in each set died only just 
prior to ti'ansformation, having developed the yellow and black 
pigments of the perfect animal. It will be observed from the 
figures on Plates I. <k II. that in these experiments the results 
obtained by Secerov were fully confirmed, the majority of the Sala- 
manders which hafl l>een kept in yellow surroundings when in 
their larval condition being on transformation yellower than the 
mother, and the spots larger and fused together ; the Salamanders 
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kept in black HurrOundings being on transformation darker than 
the mother, and the spots smaller end more numerous. 

To appreciate fully the markings on these Salamanders it is, 
however, necessary to bear in mind the fact that it is possible 
to define two forms of S. niamloaa. As I pointed out in a paper 
brought before this Society some years ago *, authors in dividing 
this Salamander into a number of varieties have dwelt on 
supposed structural characters, whilst ignoring the disposition 
of the markings. I showed that two principal forms existed, 
namely, the typical form and the variety tceniata : the former, in 
which the yellow appears as markings of vjirious shapes disposed 
anyliow over the body, being more or less an e;istern form ; the 
latter, in which the (lorsjil spots are regularly disposed in two 
parallcd series continuous with the markings on the parotoids, 
being a more western form. The markings in the last referrecl 
to variety may form regular bands or l>e broken up into 
numerous small s^mts, which, however, always retain their 
duplex disposition, not encroaching over the black vertebral 
aim, or, if tliey do so, as is lurely the case, they will be 
connected by a cross-bar in an H-sliaped form. The habitat of 
the forma tj/pica appears to l>e bounded to the west by the Erz 
Mountains, the Danube, the Alps, and the Rhone, Salamanders 
from east and south of that line l)elonging to it. All over 
France, west and north of the Rhone, Belgium, S. Holland, 
Western Germany, Spain, and Portugal the variety tceniata 
alone occurs, with very rare exceptions. Both are found together 
only on the line of demarcation, such as in the French Jura, 
where the variety tceniata pre<lominates, but is not completely 
fixed. 

Even auvongst Salamanders from the neighbourhood of the 
line of demarcation it is rare to exj>ex’ience any difficulty in 
classifying them into either of the two forms, and I was 
therefore much puzzled by Secerov’s results, Jis neither of his 
Salaumndera lce|)t during their larval life under yellow sur- 
roundings were quite normal tcniiata. One of these Salamanders 
wjis sj)ecially abnormal, as two spots on the anterior part of the 
body fused together over the vertebral area; and I sliould have 
felt some <loubt in referring it to the variety temiata^ had I not 
known the mother to be a very typical specimen of this form. 

The results I have obtained help to solve the pi*oblem, as they 
show that in the majority of cases, if the offspring of a Salamander 
of the western variety temietta is kept when in the larval 
comlitions in yellow surroundings, the markings will differ in 
their disposition from those of the parent, and bo similar in 
their ari’angement to what we find in the tj-pical eastern form, 
in which the spots are disposed in an irregular fashion over the 
vertebral ax*ea. 

• A Oontnbution to the Study of the Variation of the Spotted Salamander 
P.Z. 8. 1911. 
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Plate II. shows the nine Salamanders kept during aqnatic life 
in yellow siuTOunditigs on or just prior to their transroniiation, 
and it will be observed that six are referable to the typical form, 
two are somewhat doubtful, and one only could possibly be 
regarded as belonging to the variety tmniata, Plate I. shows 
those kept in black aquaria, and it will be noticed that the spots 
are disposed in parallel series, as would be expected fi'om the 
offspring of Snlaraanders of the striped variety. 

On transformation the young of specimens of the variety 
Umiata from the French Jum, which is, as refeiTed to above, 
on the line of demarcation where both iforms occur, are often 
referable t/O the typical form ; the spots, however, in the course 
of time clijinge their disposition, breaking up, and disappearing 
on the vertebral arei, so that within a year the Salamanders are 
similar to their pai’ents in the ari'angement of their markings, 
I have no doubt that we shall 6nd this to l)e the case with the 
Salamander^ which in their lai*val form have been brought up in 
yellow surroundings, and that the spots will in time assume 
the same duplex disposition as presented by their parents, 
and brethren brought up when in the larval form in black 
8un*oiUHling8. 
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5. Oontributiona to the Morphology, Classification, an<l 
Zoogeography of Indian Oligochseta. By J. Stephen- 
son, D.Sc., F.Z.8., Lecturer in Zoology in the 
University of Edinburgh. 

[Rewired November 8, 1020 1 Bead February 22, 1821.] 
(Text-figure 1.) 
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Is - The Affinities and Systematic Position of the CIenus 

EvmCHOGASTSH MCULSN., AND SOME RELATED QUESTIONS. 

The genus Eudichogaater was established in 1902 by Micbael- 
sen (2) for E, mhworthi^ then first made known, and for several 
other worms which ha(l been originally described as species of 
J)ichogaater (or Benhamia)^ but which were placed by Michaelsen 
in the Tierreich volume of 1900 in the genus Triyaster, The 
separation of these three geueiu is based on the presence or 
absence and on the position of the calciferous glands ; 'JVigaster 
liBA none, Etidichogaster has them in xi. and xii. (with, it may he, 
X. or xiii. in addition), Dichogaster has them in xiv., xv, and xvi., 
or ill XV., xvi. and xvii. The diagnosis of the genus Eudichogasier 
is as follows : — 

Setie four pairs per segment. Prostatic pores two pairs on 
xvii. and xix., or one jiair on xvii. (? or xviii.). Spermathecal 
pores two pairs on viii. and ix., or one pair on viii., or in groove 7 /8. 
Two gizzards in front of the testis segments. Calciferous glands 
two or three paii*s, in xi. and xii., or x., xi. and xii., or xi., xii. 
and xiii. (in one species no proper calciferous glands recognizable). 
Micronephridiai. One or, more usually, two pairs of testes. 
Prostates tubular. 

In the paper in which the genus was established, Miehaelseii 
placed it in the Trigastiiiue. In 1908, however (3), he leans to 
the view that it is to he derived from Ociochoitus, and there- 
fore to be included in the Octochastime, though he does not carry 
out this implication in the tables. In 1909 (4) he definitely 
adopts this view. In 1910(3) he abandons it, and, deriving 
EitdichogwsUr from Trigetsier^ again places it in tlie Trigastrinie. 
The object of the present communioation is, by bringing forward 
additional evidence, to decide the question in favour of its 
inclusion in the OctochietiniB, by showing that it is descended 
from Ootochostus^ not from Trigaater. 
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The classification of the Megascolecitlae, to which both sub- 
families, the Octochastinse and Trigastrinie, belong, proceeds on 
phylogenetic lines ; and a very considerable degree of success has 
been reached in the filiation, and consequently in the definition 
and arrangement of genera. The origin of the family, as is now 
generally recognized, is to be sought in the “ original Acantho- 
driline,” a form which is represented at the present day by the 
genus Notiodrilu.8 as defined by Michaelsen in the Tierreich 
volume (1). Its essential charactei*s (for our present purpose) ai e 
as follows : A pair of male pores on xviii., two pairs of prostates 
opening se}mrately on xvii. and xix., a single tesophageal gizzfird, 
four pairs of setae per segment, one pair of meganephridia ptu* 
segment, no calciferous glands. 

The important characters of the genera which enter into the 
following discussion may be st}ite<l thus 

Dlplocardia^ one remove from the original Acfinthodri line, and 
the ancestor of the Trigastrime, differs from the original Acan- 
thodriliue only in having two gizzicrds. It is found in North 
and Central America. 

Trigastet\ descended from Diplocardia^ differs from the hitter 
genus in being micronephridial ; the postei ior male organs ai e 
either of the acanthodriliiie ty[>e or they may have imdergoiu^ 
the “ inicroscolecine reduction (disappeaiance of the posterior 
pair of prostates, and union of the male pores with the anterior 
prostatic openings on xvii.) ; there are two or three gizzards, hnt 
no calciferous glands. Trigaster is found in Mexico and the 
West Indies. 

Dxchngaster is similar to Trigaster^ excej)t that there are 
cjilciferous glands in two or three of the segments xiv.~xvii. A 
point to which attention has been willed is that w hile in Trigaster 
the setal interval cd is greater than ah, in Dichogasier tljese 
intervals ai’e approximately ecjual. Eudichogaater w^as sup|Mist‘d 
to resemble TrujmUr in this respect, but in a few species ah is 
equal to cd, Dichogaster is endemic in tropical Africa, and 
probably in Central America and the West Indies, but has spreatl 
widely in the tropics and warmer tempei ate zones. 

The first development, therefore, in the ahov<' line of <lescent 
(Diplocardia-Trigaster-Dichogaster), atid the primary cluirac” 
teristic of the Trigastrina^ (I include Diplocardia in the 
Trigastrinie, v. post.), is the reduplication of the gizzard. 

The genus Octochcetus belongs to a different line. It ditters 
from the original Acanthodriline in being micronephridial, and 
in liaving a pair of calciferous glands in segment xv. or xvi. (a 
few sfiecies, to whioli more particular reference is made subse- 
quently, are without calciferous glands); it has the single gizzard 
and other characters of the ancestral form. It occurs in India 
and New Zealand. 

The other genera of the subfamily need not be mentioned here. 
The first development in the Octochietin«>, and therefore their 
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primary characteristic, is the splitting up pf the nephridial 
system. 

Oiigiiial Acfuithodriline 
(siufplo gizzard ; m^fgatieidiridia; 

DO calcifeiDtts glands). 


Oetotsh49tui 

(siugle gizzard ; inicroueitliridia ; 
calc, glands in xv. or xvi. in most 
siieoies). 


Ktidickogmievy whose position is now under discussion, has a 
double gixzard, is uiicroiiephridui], and has calciferous glands 
(except in one species) in two or more of segments x.-xiii. ; in 
some 8i>ecies the posterior male organs have undergone the 
mici'oscolecine reduction. It is purely Indian in distribution. 

The view, now held by Michaelsen, that EvMchogmt&i' is derived 
from frigmter, and therefore to be included in the Trigastrinie, 
is ba.se<l primarily on the close anatomical similarity between 
tlie two genem ; tlie only essential diderence is that c?alciferous 
glands are absent in Trigaster ami present in Kiidichogaster, 
Moreover, there is one species of Ktidichogaster in which calciferous 
glands can scarcely be said to be present at all. Michaelsen, 
in describing E, bettgalensis (6) says : — a pair of lateral 
calciferous glaiicLs in each of segments x.~xiii., not externally 
demarcated.’’ In giving additional notes on the same species (9) 
1 iiave stated that ** the bulgings of the cesophagiis in segments 
x.~xiii. aiHt^ thin- walled and ai*e not at all setoff from the lateral 
walls of the msophagus ; they are not calcareous glands any more 
than the similar part of the tulie in, for example, Pft^retinia 
fmtthitvui is a sei'ies of calciireous glands ; and in .support there 
follows a description of the ap{>eaiunceB seen on opening the 
tube. Here, then, is a form which according to strict definition 
is a Trigmier^ though 1 imagine no one will quarrel with either 
Michaelsen or me for including it, on geographical gi'onnds, in 
E udichogmter, 

Michaelsen also regards the similarity of the nephridial 
condition as being decisively in favour of the derivation of 
Etid^ichogmier from Trigmier rather than from Octacfmtm^ The 
species investigated for the purpose of this comparison were 
E^iddchoyaBier ashworihi^ TrigoBter Irndmieri suhsp. ccdwoodi^ 
and Odachadus ihuratonL In Sudwhogaater aahworthi tliere 
oocuiYi in each segment a number of small loose micronephridial 


JJiplocardia 

(ilouble gizzaid ; megunephridia ; 
no calc, glands). 


THffrtiter 

(double or triple gizzard ; 
micronephridia ; no (^c. glaiuU). 


JOiehogaBter 

(double gizzard ; micronephridia ; 
calc, glaudb in region xiv.-xvii.). 
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tufts, each apparently with a funnel ; in addition, in the hinder 
segments there is on each side, near the ventral nerve cord, a 
larger nephridiimi in the form of a fairly large rosette, with a 
funnel in the preceding segment. Trigaster Uinkeateri has the 
same arrangement, while Ociochfetua ifmrstom has numerous micro- 
nephridia throughout the body, without any ti*ace of the larger 
organs. The only morphological change, therefoi'e, which is 
necessaiy in order to evolve Eudichogfisier from Trigmier is the 
development of cidciferous glands ; and indeed these are scarcely 
present iu one sf)ecies of Eudichogaster, 

Michaelsen admits that the geographical facts do not at first 
sight appear favourable to this view. As has been noted, 
Eadichogaster is purely Indian, while Trigaster belongs to 
Mexico and the West Indies. Hut tho widespread occurrence of 
Dichogaater^ a descendant of Trigaster^ in tropical Africa is 
evidence, accoiding to Michaelsen, of a former land-bridge across 
the Atlantic; and Michaelsen supposes that either (1) Eudkho- 
gaster originated from Trigaster in America, spread eastwards 
across the land-bridge to Africa, colonize<l Africa or parts of it. 
and then spread eastwartls again across another land-bridge to 
India (it is not found in Africa at the j>resent day because it 
has been extirpated there by the dominant Endrilines and the 
lat(»r evolved Dichognster ) ; or (2) that Trigaster itself spread 
eastwards by the same bridges, and gave rise to Etulitdiogasier at 
the eastern extremity of its range, i,e, in India, if>8elf Inter l>eing 
extirpated in the middle portion of its range, /. e, in Africa, by 
the Endrilines and its own descendant Dichogaster, as before. 

Ill putting forward the view that the ancestor of EvdichogasUr 
is Octochmtus and not TrigasUr^ it may he admitted that, as 
Michaelsen says, Eadichogasier aVid 'Trigaster are very much alike 
morphologically. At the same time, I think we now possess 
evidence of a much closer similarity between Eadichogaster and 
Odochaftus (or at least some species hitherto reckoned as Veto- 
ehcBtua) than Michaelsen was aware of. The gap Ixjtweeu the 
two genera is bridgeii almost, if not quite, as completely as that 
between Eudichotjaater and Trigaster, The points to be discussed 
are the gizztrrds. the calciferous glands, and the nephridia. 

I have describe*! (11) in Octochmtua imUidiia a commencing 
<loubling of the gizzard: — “The gizzard is barrel-shaped, in 
segment vi. ; the (esophagus is distinctly strengthened in seg- 
ment V. also, wherershining longitudinal muscular bands are seen. 
This seems to be the lieginning of a double gizzard, such as seen 
in JShtdiohogaaier^ Diohogaater and Trigaster ; I do not, however, 
suggest at present that any of these geneiu are deiived from this 
species, or indeed from the genus 0<^oehmtvs at all.” 

I may here call attention to the relation of the septa to the 
condition of duplicate gizzard. OctochwUia pallidm is one of the 
rather few species of the genus which retain all the septa in the 
anterior part of the body (behind the level where they first 
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definitely begin). The presence of septa between the successive 
gizzards seems to be a necessity for their development as sepamte 
structures, and two gizzards probably could not develop in the 
majority of species of Octochishis^ where one, two, or three septa 
are absent in the gizzard rtjgion ; an extension of the muscularity 
of the ces(>[>hagus would simply result in an increase in the size 
of the existing gizzard. In T^rigaMer^ with two or three gizzards, 
the septti are all present. I am not acquaintecl with the facts in 
all the numerous species of !)ichoga 9 tej% but the septa are certainly 
often present ; in D, 'ttmlayauay where there is no septum 5/6, 
separate gizmrds are, according to my observation ( 9 ), scjarcely 
discernible in segments v. and vi.— they seem to have ‘‘run 
together,” as it were. In the single species of the gen\is Mono- 
gmter — essentially a Dichogasisr in which thei*e is only one 
gizzjtrd — the septa in t he gizziirtl region ai'e wanting (6) and the 
two gizzards of the IHckogasier ancestor have doubtless “ run 
togetlier.” in those species of J)ichoga^ter where septa are a.ljsent 
ill the region of the gizzanls (e. g. D, crawl) we may j:)erhap8 
predict that the gizzards will not remain long separate, and that 
the condition of Monogaater will be arrived at. We may conclude 
that the dupliwition of the gizzanl, while impossible in the 
majority of species of Octochmim^ would be possible in the primi- 
tive group consisting of 0. hishamhari^paohpaharenaia^ nw^paUidus^ 
ami seems to he in process of acc^omplishment in 0, paUidns, 

Next with regard to the tmlciferous glands : in Endichogaaiar 
these organs are in segments x.-xii. or thereabouts, in Octochcetua, 
usually, in segments xv. or xvi. It would, I think, be diflELcult to 
derive Eudichogaster from Octockwtna if these were constant 
oharacters of the two genera (though Michaelsen, deriving Z>ic^o- 
gasier froju EudicJiogaater ( 4 ). sees no difficulty, apparently, in 
assuming a disUx^ation of the glands backwards ; in deriving 
Eudichogaatar from Octockcatua the usual type of Octochaatna 
tliat is — the dislocation would have to be forwards). But the 
more primitive species of the genus Octocluvtua (0. hiaJianibari, 
pachpaharemia^ and paUldua) have no calciferous glands ; in 
Eudichogaster hengale^iaia^ as has been seen, they are at a very 
low level of development ; the morphological similarity, in this 
respect, between these species of Octochastm and E\fdichogaater is 
just as close as that between Trigaater and Eudiehogaatar^ and the 
derivation of the one from the other just as easy. 

It will l)e remembered that one reason for deriving Eudicho- 
gcufter from Trigaater rather than frocoF (ktochfetua was the 
similarity of the nephridial condition in E, ashioorihi and 
T, Ubnkaatariy an<l the dissimilarity l>etween E. aahicorthi and 
0. thuraioni. But a wider survey of the nephridia of the latter 
two genera shows that not all Kudichogasters are in the same 
condition as E, aahicorthh «nd that hot all species of OotocheHua 
are like 0. thuratoni. Of the six species of Eudichogaater where 
the descriptions are sufficiently detailed to be of use, in only one 
other {E» praahadi) is the nephridial system capable of being 
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described in the same way as in E, aahworthi ; it follows there- 
fore that if E, ashworthi is similar to Trigmter^ the majority of 
species of Eudichogmter^ so far m known, are not. Speaking 
very broadly, there is indeed some similarity between all these 
six species of E\uliohogmter and Trigaater lankeateri ; in all, a 
certain number of the micronephridia are of large size, much 
larger than in Pheretima^ for example, or EutypJmua^ to take two 
well-known micronephridial genera. But this feature occurs also 
in some species of Octochmtna — in exactly those three species 
previously referred to ; in these there are seven, three, or even 
apparently only one nephridium on each side in each segment, 
which make up in size what they lack in number. The majority 
of species of Eudichogaster^ in fact, approach in their nephridial 
condition somewhat more closely to such forms as OctochieUia 
pallidua and 0, lyachpahcvtmiaia than to Trlgasier lankeateri 

I am, however, not inclined to attach very great weight to 
any argument from the nephridia. The possession of a certain 
number of micronephridia of fairly largesize does not necessjirily 
show genetic relationship ; it oi;curs, for example, in species of 
Megascolides and Megaacolex^ which l)elong to a difierent sub- 
family, the Megascolecinap. Indeed tliere are very divensei 
conditions within these two genera themselves. 

I think the above considemtions show that the passage from 
Octochcetus to E udichogaater is just as easy morphologically as 
that from Trigaater^ and tliat there is no dilticulty in deiiving 
Etidichoyaaier from an OciocKceiua ancestor which luid the 
characters of the gioup pallidusy pachpahareim^^ and hiahamharl. 

But if the morphological evidence is oijually balanced, the 
geographical evidence is strongly on the side of the descent of 
Emlichogaater from Octochcetua. Ociochmina is a characteristic 
Indian genus, found throughout the land ; Endichogaater is 
exclusively Indian, and is found in a broad belt across the middle 

* in Eudichoffaster ashworthif towardH tlio liiiuler eiu] of the body the iiineriiiot»t 
of the ti-ansveihe series of microiiophridia cnlaixes ho ah to resemble a ine^- 
iiephridiuin ; the number of iiiicrotiepbridia in each segment apjiears to ]>e smalt — 
in var. kinneari it is about six on each side. In K. pratihadi much the same 
occurs, — there are about five on each side, regularly arranged behind wicli other iji 
succeeding segiiients till toi\ards the hinder end, where the innermost hecoiius 
larger and the others smaller, less regular, and more numerous. In E. baradtmh 
the three most doituilly situated inicronephridiH on each side of each segiut^nt are 
larger than the rest, while nt the hinder end the innermost (most ventral) also 
enlarges. In E. hengalen$in there are two pairs of large nephridia per segment in 
addition to a number of suiull micronephridia; towards the hinder end the inner of 
the two larger nephridia l>ecomes more conspicuous than the othoi*. In E, chitta- 
gon^gensia there are three or four nephridia on each side in each segment, arrangctl 
hchind each other in succeeding segments, the outermost m each traiisverse row 
being the longest ; near the hinder end the innermost increases in size and fjecomes 
more conspicuous. In E. trichoehpatua there are fouf longitudinal rews on each 
side of the bcnly, but here the innermost series is the smallost. hi E.parma. 
though the nephridia are ** dtifuse,'* they arc of considerable size. 

In Octoehatua pallidua the micronephridia in the poat-clitellar segmouts are 
almut seven on each side in each segment, and they increase in size from the 
ventralmost to the fifth, the two most dorsal being smaller again ; this difference in 
size disappears towards the hinder end. In O. pachpaharenaia there are three on 
each side per segment behind tlie genital region, and in front even fewer. 
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of the country. Trigaster is not known outside Mexico and the 
West Indies. Deriving Eudiehogaeter from Octocluetus, we nee<l 
no such hypothesis as that advanced by Michaelsen — the origin 
of Eudkhogaater from Trigmier in America, and its spread by 
means of land-bridges across the Atlantic and Indian Oceans (or 
alternatively the spread of Trigmier itself by the same means) as 
far ns India. Eildichogmter would have aiisen where we find 
it — in India, where its ancestor also lives. 

I conclude, therefore, Evdichogaeter n.rom from Octochcptus 
ill India. It must therefore go into the Octocluetin®, not the 
Trigastrin®. 

Ramiblla, gen. nov. 

I propose now to consider the more primitive species the 
genus Octochcfiiue to which reference has been made in the pre- 
ceding pjiragraphs. 

In 1914 (7) 1 described a wwm which I placed in the genus 
OctochHue under the name 0. huhamhari^ although it dilered 
from all species of Octxich(Hm then known in having no calciferous 
glands, and in having only one iiephridium on eac;h side in each 
segment. Measured by its sixe, indeed, this nepliridium would 
1)6 a meganephridium, and the worm would not be an 
Oetochceitu at all, hut an Aointhodiiline — a “ Sotioflriliie '^ — and 
would correspond to the original Acanthodriline, the origin of 
the Megascolecida^, This, however, seemed impossible; tliere are 
no representatives of the Acantbodrilin® in India (except one 
introduced species of Mieroecohx) ; and the single nephridium 
does not, imcording to the evidence of sections, come into relation 
wdtli the septum in the normal way, and is tbei*efore to be looked 
on as a hypertrophied micronephridiuin, the only one left of a 
former larger series. 

In 1920 (11) two more forms closely related to the preceding 
came to light. While both, Octochoitus jmchpaharemu and 0. 
pallidns, are without calciferous glands, the fii*ht has only three 
(or anteriorly perhaps few^er) inicmnephridia on each side per 
segment, and the second only about seven. 

This leduction iu the numlier of micronepbridia is probably 
— certainly in the (^ase of 0. hiehainhari — to be looked on as 
secondary, wliile the absence of calciferous glands is probably 
primitive. Othei* primitive features are the pi*eseiice of all the 
septa in the anterior part of the body (befiind the level at which 
they first definitely begin), and the absence of spines or teeth 
on tlu' penial set®. 

It is apparently from this gi’oup that JEndichogaster has arisen, 
as I have argued aliove. Hince the group is a w^ell-defined one, 
is fiifferentiated from the remaining species of Gciochcetus by 
morphological characters of importance — absence of calciferous 
glands, mluction iu the number of micronepbridia — and has 
different i*elationships from those other species, 1 propose to 
erect for them a new genus, Ramiella^ which I associate with 
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the name of my former colleague, Prof. Shiv Ram Kashyap of 
Lahore. 

Ditignosis : — Setie eight per segment. Male pores on xviii. ; 
two pairs of prostatic pores, on xvii. and xix. Sperrnathecal 
pores two pairs, in 7/8 and 8/9, or on viii. and ix. Gizzaixi in 
vi. All septa present after their commencement. No calciferous 
glands. Micronephridia; micronephridia relatively large, few 
in number. Testes and funnels free in x. and xi. 

Distribution ; — India (Mabableshwar, S. Rajputana, Saharan- 
pur). 

It will be noted that the species extend in a line from the 
Western Ghats to the Western Himalayas, the most primitive 
(at least the one in which the reduction in tlie number of 
nephridia has made least progress) being at the southern end, 
the most modified at the northern. 

The relationsliips of the genera of Octochsetinm may be set 
forth in the accompanying tree: — 

“ Original Acanthotlriline.” 



{SowaseoUx 7), 


Octochwiut, 

'HoplochtBtetUa. 

Kamhlla. 

\ 

Dinndriltts, JSutifphcpus. 

1 

raod ri lus. 

Mudit^hogaster. 


(On the (juestion of the inclusion of JTov^ascolex in the ancestral 
line of the OctocluetinoB see (8), and the references there given. 
On the inclusion of Jloplochaitella and En/ihrfpodriliis in the 
Octocha3tina) see (10).) 

Probably no genealogical tree expresses relationships with 
exactitude; every genus is strictly speaking at the end of a 
short side line. Thus liamiella probably comes off the main 
stem shortly above the position of Ho'wascolex ; the original 
megauephridium seems to have broken up in a dififerent way in 
these two genera — in Howascolex to have become one still faiily 
large and a number of minute nephridia, in Emniella to liave 
dissolved into a few moderate- sized organs. 

The Derivation of the genus Dichogaster. 

There remains the question of the origin of the genus 
Dichogaster, In 1903 and 1909 Micbaelsen regarded it as 
derived from Eudichogaster \ while in 1910 he states that 
morphologically it is best derived from Eudichogaster, though 
geographically it would appear easier to derive it from Trigaster; 
the geographical argument is, however, not by any means 
absolutely cogent — there is nothing in the facts essentially 
opposed to the derivation from Eudii^gaster, 

To this view of the origin of Dichogaster I cannot agree. In 
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EhMohogaater the calciferous glands are in segments x.-xiii., or 
some of them ; in Diohogaater as a rule in xv.-xvii. It is not so 
easy for me as it is for Michaelsen, apparently, to imagine a 
‘^dislocation backwards'* of the glands; it is easier for me to 
conceive Dichogmter arising from Trigaater which has no sucli 
glands, than from Evdickogaster which has them, but in a 
diiierent phuje. Apart from that, the geographical argument 
seems to me decisive : Trigaater belongs to Mexico and the West 
Indies, and these regions are probably part of tlie endemic home 
of JJiohogaatar ; Kud'icliogaater \» altogether lndiaTi,and it is very 
doubtful whether there is any endemic species of Dichogaster 
in India at all — certainly there is none anywhere near the 
EvdicJiogmter region. The place of origin of Dichogctster was 
pretty certainly not India. I derive Dichogaster therefore from 
Trigaater, 

Dlplocardmur amd Trigaatrincp, 

There is a line f>f <le8cent, the Megnscolecinie, which lea<1s 
from the “original Acanthodriline,’* and in which the initial 
change is the disappearance of the anterior prostates and the 
union of the posterior prostatic j>oieK with those of the vasa 
defereiitia on segment xviii. There is another line, the 
Octocljfietinfe, in which tlie initial change is the breiiking up of 
the meganephridia into micronephridia. Similarly, there is a 
third line, the initial change here l)6ing the reduplication of the 
gizzard. 

This third line (there are still several others) has commonly 
been divided up into the two subfamilies of the Diplowirdiinie 
and Trigasti'ina^. These subfamilies, indeed the two combined, 
are smaller than the Megascolecinie or the OctocliaetincB ; 
the DiplociWHliina^ comprise only Diplocardia ami Zapoteeia 
{Dlplocardia having two and Zapoteeia three gizzards, a 
distinction which is not lield to he of generic im;K)rtance in the 
CJise of Trigaater^ which contains species with both) ; while the 
Trigastriiue, after the removal of Eudichogaaier, comprise 
yrigaater, IHchogoMter^ IdenwgastcTy and Entrigaater (with three 
gizzards, and three pairs of calciferous glands in segments xv., 
xvi. and xvii.). I believe there would be a gain in uniformity 
and an increase in convenience in uniting the subfamilies under 
the one head of Trigastrinie. 

“ Original Acanthodriline.'* 
piploeardia^ 

Zapoteeia, 

Dickogaeter. 



Monogaater, JCutrigaster, 
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Jl. — Ox POLYPIIYLY IN THE OuCJOOn.ETA. 

Tlie material wliicli 1 wLsh to u.se in tl)is (liseuNsion is derivetl 
from the MegaseoleoicUp, and largely from tlu* Hubfamily Mega- 
.scolecinie. It will be necessary first to sbow bow the vaiious 
gemjra of this subfaniily are related (v. text-fig. 1). 

Tlie whole of the family Megawolecida? is to be derived from 
an original form which has essentially the characters of tlie genus 
Notiodrilus defined by Michnelseii in the Tierreich volume of 
1900. These are: Testes and funnels two pairs, free in seg- 
ments X. and xi. ; va.sa deferentia of each side uniting in their 
backward course so that there is only one pair of male apertures, 
on xviii. ; two pairs of tubular prostates, with unbranched (jentral 
canal, opening on xvii. and xix. ; seto four pairs per segment ; 
one pair of meganephridia per segment; a single gizmrd far 
forward, in segment v. or vi. 

The Megasc^olecinje, however, take their origin from a fornt 
which is one remove from this — Diplotrenia^ in which tlie anterior 
pail’ of prostates have disap^ieared and the posterior piir of 
prostatic pores have moved forwards to open on xviii. near the 
apertures of tlie vasa deferentia. 

In FluieUuSy tlie fii*st genus of the Megascoleciiue, the pi ostatic 
pores have fused with the openings of tlie vasa deferentia on 
xviii. so that there is but one pair of pores; and this remains 
throughout the subfamily as its distinguishing character, lu the 
remaining genem the changes are of thi ee chief kinds — the setae 
may take on the perichuetine arrangement, the four pairs multiply 
in number and become spread out to form a more or less com- 
plete ring round ^ach segment ; the nephridia may he broken up, 
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Pheret-ima 

Tlie Belationships of the Afegnscolecinse (the Megascolecinae comprise the genera to the left of the dotted line). 
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witli the substitution of a number, sometimes a very large number, 
of small micronephridia for the single pair of meganephridia in 
each segment ; and the single central canal of the prostate may 
branch, with the consequence that the organ is no longer tubular 
and cylindrical in form, but racemose. In a small group of 
genera, there is a development of two or more gizzards, instead of 
the single gizzard of PlutMus, 

Plutelhis, then, has meganephridia, eight setae per segment 
arranged in four pairs (the Imnbricine armngement), and a pair 
of tubular prostates opening on segment xviii. in common with 
the vasa deferentia. From PluteUus is derived Megascolides, in 
which the nephridia are breaking up or have broken up ; this 
appfirently does not always take place in the same way : in one 
group of forms there are three or four nephridia on each side of 
each segment, all about the same size, while in other cases there 
is one large one and a number of quite small ones ; however, all 
stages of the process ai‘e united in this genus, so long as the 
prostates and setie I’etaiu their original condition. The next 
stage is Xotoscolex : the prostates now become branched ; in a 
number of cases the branches of the centml canal ai-e so insig- 
nificant that they have no effect on the form of the gland, and 
can only be demonstrated in sections — the genus, however, is 
defined fis including all forms in which there is any branching at 
all. Following this we come to Mega8cole.x\ where the seta^ take 
on the perichoBtino arrangement ; here again there are a number 
of intermediate stages ; in a number of speci(»s the anterior 
segments retain the lumbricine arrangement, and the increase in 
the nnrnbor of setae takes place gradually as we move backwards; 
in others the anterior si'gments show an increase too, but the 
paired arrangement still holds — there are six pairs, or eight pairs, 
instead of four ; and so on. The last genus along this line is 
Pheretima ; th(? essential charixcters are those of Megascolex^ V)ut 
the gizzard is further })ack, the testes and male funnels are 
enclosed in testis sacs instead of being free in the segments (this 
occurs occasionally in Megciscohx)^ and on the whole the ring of 
setae is more closed up -has smaller gaps in the dorsal and 
venti’al lines than is usual in Megascohx, 

But thei-e are other lines starting from PluteUus, In the line 
just considered the first change was the breaking up of the 
nephridia; in another line the multiplication of the setae comes 
first. This change, occurring in the basal genus PluteUus, gives 
Diporoclimta^ the generic characters of which are thei’efore 
tubular prostates, meganephridia, and pericliaetine seta?. It is, 
of course, impossible to deiive this form from any of the first 
line, since those all have micronephridia; the meganephridia! 
condition is the primitive one, an<l a meganephridial cannot be 
derived from a micronephridial form. From Diporochceta is 
derived Perionyx^ in which the prostiites have branched ; this 
genus therefore possesses meganephridia, perich»tine setsB, and 
ratjemose prostates. As in the case of Megascolides and Xoioscokx, 
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the transition between these twogenem is gradual, and in some 
cases the branching of the central canal of the prostate or its 
absence can only be determined by microscopic examination. 

In the third line which 8tai*ts from Phitelhis the initial change 
is the modification of the prostates; Woodvya/rdia^ having thus 
ra<^Bmo8e prostates, lumbricine set©, and meganephridia, cannot 
be placed on either of the other lines, since in them either 
the set© or the nephridia are modified from the start. From 
Woodwtjvrdia is probably to be derived ComarodrihiB^ in which 
the nephridia in front of the clitellum, but only these, are broken 
up, the gizzard has become vestigial, and the originally paired 
spernmthecal pores have fused in the middle line. 

The genus Spe^weriella has the primitive form of prostate, but 
is inicronephridial, and has the perich©tine arrangement of 
set© ; it is probably to be derived from Megciscolidea by mul- 
tiplication of the set®. It could however equally come from 
IHpm^ochceta by the bimking up of the nephridia. 

A group of small genera are charac^terized by the reduplication 
of the gizzard. Bigaater and Didymogdater have two gizzards, 
and are distinguished from each other by the number and 
position of the spennathec®; Periaaogaatar has three gizzards 
situated anteriorly, as in the two former species. The condition 
of the other systeixis indicates that these are all to be derived from 
Notoacolex* Hionogmtm^ in which there are several gizzards 
more posteriorly situated, at the beginning of tlie intestine, is to 
be considered as originating from Megaacolex, 

Finally Poutodrilm is to be mentioned. The majority of 
species are littoral in habitat; one is terrestrial, and one is limn ic, 
Jt is derived direcjtly from PluteUua; the gizzartl lias become 
vestigial, and nephridia are absent from the first twelve or 
foui*toeri segments. 

Attention may hero be flrawii to two points. The first is 
that the genera of this subfamily can be arranged in phylo- 
genetic order. We know which characters are primajy, which 
secondary — ^lind therefore we know which forms must have come 
first in ev^olutioii ; in addition, wo have in several cases inter- 
mediate forms (between Diplotrema and Plniellus^ which are 
united by Michaelsen (14a); between Megascolulea and Koto- 
ac(dex\ between and Megc^coleXy which Michaelsen also 

merges (16); and l)etween DiporochoataKti(\ Pmouy.r, which again 
are united by Michaelsen (16)). The whole tree is still before 
us, and all stages in the evolution of the subfamily are there for 
detailed examination. ‘ While there is room for doubt in some 
details, the main outline will pi-obably stand firm. 

The second point is that evolution has proceeded along a few 
definite lines; the essential changes are confined to a few 
systems, and follow a definite direction in each case. We have 
the change in the arrangement of the set®, fi'oin the lumbricine 
*to the p6rich©tine; the change in the nephridial system, 
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from the meganephricUal to the micron ephii(Ha.l ; and that in 
the prostates, from the tubular to the mcemose form ; in some 
cases we ha\e changes in thegizmrd, in the direction of reduction 
or reduplication. Especially, in this subfamily, the first three 
systems are the important ones ; in the majority of genera the 
gizzard remains the same, and the genera are defined by the 
condition of the setae, nephridia, and prostates. Since classifi- 
cation represents relationships, or ought to, as closely as 
possible, and since these three systems are those which have been 
attected in the course of evolution, it is these which form the 
basis of our generic definitions.*^ 

Without going into detail, I may refer, in amplification of the 
foregoing, to two other subfamilies of the same large family. 

The OctochaBtinap, like all the subfamilies of the Megajscolecidfe, 
are ultimately derived from the original Notiodrilus foim. The 
first change is the breaking up of the nephridia; the whole 
subfamily is therefore micronephridial. Jn two of the branches 
of the subfamily the increase in the numl)er of the setae takes 
place. In one genuij we have a doubling of the gizzard 
[Kudichogastevy which. J place in the OctochaetinaB, cf. No. 1 of 
the present series). When changes in the male oi'gans occur 
they take a different line from those which characterize the 
Megascolecinae ; the microscolecine rediiction which is found 
in certain genera, consists in the disappcMraiu^e of the posterior 
pair of prostates and the tiunshition forwards of the openings of 
the vasa defereutin to join the anterior prostatic pores on 
segtnent xvii. 

The Trigastrina% like th»e Octoch;ctime, «‘n e n much smaller sub- 
family than the Megascolecitife. The fii*st change in i\\(» N otmlrilns 
ancestor along this line is the doubling of the gizzard ; subse- 
quently we may laive the breaking up of the nepliridia and the 
microscolecine reduction of the male apparatus. The only other 
development is the appeai*ance in certain genera of calciferous 
glands; the genera are therefore defined in terms of the gizzards, 
nephridia, male apparatus, and <;alciferous glands. 

In these subfamilies we thus see the same thing — evolution 
proceeds along a few definite lines, in a definite direction in each 
system. Sometimes one, sometimes another system is the first 
to start evolving, sometimes one, sometimes another follows— 
and so we get a number of combinations, which characterize the 
different genera, 

♦ I do not mean to wiy that the dia^iriioBeH of the genera of MegaRCohK;idfB, as we 
nsuHlly have theiDy are confined to the syHtoma mentioned, though there h a 
tendency so to limit them ; compare, for example, the diagiiOMoeof the Megatteolecinat 
given hy MichaelRen in the Tierreich ( 6 ) with those by the same author in 1907 ( 0 ). 
A disgnosis uaiially contains an element of dtmcripiion, statements which hold good 
for all hitherto known individuals of a species, or species of a genus, hut which are 
not necessary parts of onr conception of the species or genus. Thus we often see 
recorded the aescription of species which necessitate the widening of the current 
diagnosis of a genus. 
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1 now wish to argue that a number of genem of Megasoole- 
cidie are probably polyphyletie. 1 take as a text a sentence of 
Benhum’s, in his paper on the Oligoch»tes of the Subantarctic 
Islands of New Zealand ( 4 ) : — “ According to Michaelsen, species 
of Miorosnolsx may arise at different times^ in different pu ts of the 
world, from different species of N'otiodrilue, This thesis involves 
so profound a modification in the accepted ideas of evolution that 
space will not permit me to discuss the problem here.” I think 
we may t^ike it, then, that the general view with regard to the 
iiuiltiple origin of species, genem, and larger groups is one of 
scej)ticiam; the ortluxlox view is that each group has arisen 
once and once only. 

Hut we have to remember that the essential variations in the 
genera of this family are not innumerabk^, hut limited. It is 
not the case that the modes of variation fire so numerous, and 
the possibhi com})ination8 therefore so greatly more numerous 
still, that them is no rejisonable chance of the same combination 
of charactm-s ever being repeated — this seems to be the foundation 
of tlie orthodox view. Tlie combinations of characters that 
distingiUNh the various genem can be obtained in move than one 
way, and the charactei’S and their combinations are few enough 
to render it jmssible that this Iwis happenetl : I would even f-ay 
prolwible that this has happened, and perhaps often. 

J^et ns rememl)er that the {>erich«ptine arrangement of seta* is 
secoTularv to the lumbricine, tlie inicronephridial coinlition 
siH'ondaiy t<» the tneganephridial, and the racemose pi*ostate to 
.the tuhulai*, and that these changes have demonstrably taken 
]dace more than once; ainl let us take such a form as Megascolex^ 
with pm-icha*tine setfc, micronephridia, and racemose prostates. 
It may luivo arisen from a form with lumbricine seta', micro- 
nepliridia, and racemose prostates (i.e. Noioscc^Jex)hy the imiltipli- 
Cfition of the setw ; or it may have arisen from a form witli 
perichR*tine seta?, racemose prostates, and ineganephriilia 
(i.e. Perionyx) by breaking up of the nephridia. Both these 
modes of origin have, in fact, been suggested; the point seems to 
l)e decided --for some species of Megasoolex, at any mte — by 
finding a number of intermediate forms between Notoscolex and 
Megmeohx, There is a third possibility, from a form with 
perich«»tine sette, mici*onephridia, and tubular prostates, by 
the change of the tubular into the racemose prostate — this 
would mean that SpmwerieUa was the ancestor. 

Or take P0rimif/x, with perichetine setie, racemose prostates, 
and meganepfaridia. It might he derived fi-om a form with 
lumbricine set®, meganephridia, and I'a.cemose prostates (i. c. 
Waodwardia) by multiplication of set®; or from one with |)eri- 
oh®tiiie set®, tubular prostates, and meganephridia (i.e. 
Dip&rochatta) by the branching of the prostatic lumen. Here the 
existence of intermediate forms has decided in favour of the 
latter. 

Spmteeriella is a very small genus, with one species in India 
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and two in Victoria in Australia, It can be derived from 
Megascdides by multiplication of set®, or from Diporocfi^mta by 
the breaking up of the nephridia. Both these genera, MegascolideH 
and DiporochcBta, occur both in India and Victoria. It is at 
least not improbable that Spencerielki has been evolved sepn,nitely 
in India and Australia, from one or other of these genera, 
perhaps from the same, perha[)s from a different one, in the two 
parts of its range. 

It is to be noted also, that confining oiu\selves to that con- 
siderable group of genera of the Megascolecin® with a single 
gizzard, which are distinguished by the charactei-s of these three 
systems, the logical end of any line of evolution is MegascoUx. 
The order in which the changes in the three systems have 
occurred varies ill the different lines; the nephriilia may l>e the 
first to undergo their characteristic evolution {Meyaacolides line), 
or the setae {Diporoclueta line), or the prostates ( line). 
But as we follow out the lines other changes are added ; and if, 
in any line, all three systems pass from the primitive to the 
derived condition, we arrive at Mega8cole.t^ with perichietino 
setae, inicronephriclia, and racemose pimtates. 

There seems therefore to he an a priori probability that gi’onps 
of worms possessing certain combinations of cliaracters, that is 
certain genera, may have arisen more than on(*.e, and that the 
genera as we have them to-day are polyphyletic. 

But we are not dependent altogether on a jyriort reasoning. 
The case to which Benham refers is the multiple origin of 
Microdrilm from Noiiodrilm. The two genera an* distinguishe<l 
by the condition of the posterior male or gans — in Microscolex the 
“ microscolecine j*ednction” has taken place (tliis ii deed is the 
origin of the term). On Possession Islan«l (one of the (Jrozet 
group, some distance south-east of Cape Colony) Michaelsen found 
two species of worms, obviously very closely related, one with the 
original condition of the male organs (i. e. a N otioilrilns)^ the 
otlier with the microscolecine condition (i. e. a Mict'OBcolex ) ; 
the deduction is that the latter species has been evolved on the 
island from the former. The two sjiecies agree in the peculiar 
pigmentation, in the arrangement of setie, glandular modification 
of the integument in the neighbourhood of the genital pores, in 
the form of the penial set®, form of the prostates, and size and 
shape of the spermatbecaJ diverticula. The Microscokx was 
represented by numerous examples, and so was not an individual 
chance variation ; and Michaelsen is doiibtless right in holding 
( 8 , 9 ) tiiat it has been evolved in this remote region from the 
Notiodrilits which occurs there. Of course, other species of 
MicroscoUx have evolved elsewhere, fi’om other speedes (con- 
ceivably from one species) of Noliodrilm ; and thus Microscolex 
has arisen at least twice, from different ancestors and at different 
times. 



ANB ZOOGKOGiUPitY OF INDIAN OLlGOOUiK'rA. 119 

Benhatn, however, is wrong if, in the sentence 1 have quoted 
above, he means to imply that Michaelsen holds heretical views 
on evolution. Michaelsen is strictly orthodox; he will not have 
it that different si)ecie8 of a genus may arise at different places 
from different species of a parent genus; he merges the two 
genera concerned, and calls all the species MicrMcohx (8). 

Again, in the Abor country, in a remote spot in the 
Eastern Himalayas, a worm is found named by me Perwnyx 
anmjilatm (18); like other examples of the genus it has mcemose 
prostates and perichjetine setm ; but while the rest of the genus 
has only rneganephridia this worm has, in addition to iiiega- 
nephridia, micronephridia also in all the postgenital segments. 
Hut the presence of micronephridia is just what distinguishes 
Megasci^lex from Perionyx^ and by definition the worm should go 
in Megascolex. A large nurnl)er of species of jPeriow //a?, however, 
have a rather characteristic appearance — the dorsal surface is 
deeply pigmented, of a dark purple colour; the set© are 
exceptionally numerous, and the breaks in the middorsal and 
midventral lines are very small ; the male pores and speimiathapal 
pores are close together near the midventral line and, internally, 
the gixzard is considerably reduced. These charactei’s are not set 
down in the genei’ic diagnosis; some of them are scarcely definite 
enough, and they are not features of all the species, though, in 
varying degree, they are of many; they are, however, all possessed 
by Periouyx annvlalus. Lastly, Perionyx annnlatua occurs in the 
hcai t of the Perimiy^v region, and more than a thousa.nd miles 
from the Indian Mfigaaeolex region. There is only one possible 
conclusion — that this worm, by definition a Megciscolex^ has 
evolved where we find it from a Perimiyx^miA that it has nothing 
to do in its oi igin with any other Indian or Austnilian Megascolex. 
Very similar is Megmeohx whicli also seems to have 

arisen, far away frarn the Megaacolex region, from a Periouyx, 

I have ali*eady said, however, that MegaacoUx has originated 
from yotoscolex (liunbricine setae, micronephridia, and racemose 
prostates) hy increase in the number of the setie ; and indeed we 
get so many intermediate sbigos in this increase that this is no 
doubt true for at any lute a large number of species ; Megascolex 
is therefore diphyletic. 

But this does not end the complexity. Michaelsen (14) has 
pointed out the close I'elation of certain Ceylon species of 
Megascclex to cerbiin Ceylon species of yotoacolex — the group 
of Megfiacolex travancoremis to that of yotoscolex pourmidiauvs. 
The argument is the same as in the case of the Notiodrilus and 
Mieroaeolex of Possession Island ; the species of Megaacokx have iii 
all probsibility arisen from tlie local representatives of NotoacoUx, 
There is also a similar correspondence between species of 
y<doaookx and species of Megaacciax In another lestricted ami, 
the N. Island of New Zealand ; here, too, the inference is that 
the second have arisen from the former. 
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Once more, SpenceriMa possesses the perichieiine arrangement 
of set®, microiiephridia, and tubular prostates, differing only 
in the latter respect from Megascolex^ which has the more ad- 
vanced racemose form of tlie glands. But Michaelsen has lately 
(16) transferred two species of Speiweriella to Megmcol%x\ though 
the branching of the central canal was not to be inferred fi'oni 
anything in the externsil form of the glands, it was found to exist 
in a slight degi’ee on microscopical examination of sections. It 
is scarcely rash to look on those apparently transitional species 
as descended from species of SpencerieUa, which they so much 
resemble. They can liardly be descended from either iVotoaeolex or 
Periontjx ; the transitional species in these cases are cliaractorizeil 
by the incomplete setal rings, or by the incompletely broken up 
nephridia, and have, apparently, the fully developed racemose 
prostates, as is usual in Notoscolex and Perionyx. 

In other words, species which anatomically beloiig to the 
same geinis, Megascolex^ have arisen from two leas special ise<l 
genera, Xotoscolex and Periouyx^ and at least at three separate 
times; (piite possibly SjMucerietta is the origin of certain other 
species. Probably, of course, this much understates the truth ; 
it is only a few small groups of species of Megascolex tliat we can 
thus trace back at present; the great bulk of species have 
probably originated at still other tinu« and in still other places. 

Michaelsen, liaving before his eyes the se[>arate origin of 
Megascolex from NotoscoUx in New Zealand an<l Ceylon, gets over 
the polypbyletic difficulty by merging the two genera into one (16). 
But this is too short a way with the difliculty ; if, wliei*ever 
we fin<l a polypbyletic origin, we merge the genera cotn?enied, 
then of course no genus will be jKdyphyletic, and orthodoxy will 
triumph. And it may be noted that even this devic^e of fusion 
is not effective where a genus has a double origin from two 
other genera. Assuming that some species of Megmcde^^, have 
arisen from Notoscolex^ others from Periouyx^ the fusion of 
NotoscoU v^ Megascolex, and Perionyx into a single genus leaves us 
where we were, since the genus now lias a double origin fi*om 
Megascolides and Biporockceta (cf, text- fig. 1). 

Take now the «i8e of Pontodrilm, From its ancestor PluteMus 
it differs in two primary respects — the gizzard has become 
vestigial, and there are no nephridia at all in the first twelve 
segments ; it is littoral in habit, and is very widely distributed 
in the warmer legions of the globe. Benham in 1903 (3) 
discovered in a lake in New Zealand a worm with the above 
anatomical cliaracters, which he called Plutellus lacustris, 
on the ground that the features wherein this vorm 
agreed with Poniodrilus and differed from Plutellus appeared to 
be a^iaptive and related to an aquatic habitat ; he implies, though 
he does not expressly state, that this worm had an origin from 
PlivteUus independent of that of the V>ulk of the species of 
PmtodriluSy and cannot therefore be united with them in the 
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same genus. Michaelsen transferred the worm to Pontodrilus 
(9), adding later (12) that it miglit be a Pluidhis^ an example of 
convergence — though besides the primary features theie were 
otheiYt also which characterized l)oth the new worm and the 
previously known species of Pontxxlrilua. Ben ham (4) appears 
to take the same view. Lastly, Michaelsen (11, p. 22) appeai-s to 
have definitely adopted the view that it is a Pontodrilus^ 
since he speaks of the apparent aljsence of Plutdlus from New 
Zetiland. 

Some time ago 1 found an entirely terrestrial Ponivdril/as in 
material fi’om the centre of Ceylon (19) ; this may, possibly, be 
the ancestor of all the littoral forms (their littoral habit is of 
course secondary) ; on the other hand, it may ecpially well be a 
descendant of some one of the species of PluteUus which are 
indigenous in Ceylon, wiiile the bulk of the species of Po'iUodrilus 
originated elsewhere. In any case, we seem to have a distinct 
possibility — 1 will not say more — that worms which must, ana- 
tomically, be placed in the genus Pontodrilus have arisen at 
various times and in various places. 

An extremely curious case is afforded by a genus newly 
descriljed by Michaelsen as Mo'noyusttr {lb). It is assentially 
a IHchogaster (subfam. Trigastrinae) in which the two gizzards 
have, as it were, run together again, probably in consequence of 
tlje dis^pi^ea ranee of the septum betw^een them. In the evolution 
of Dichogaster the steps from the original Sotiodrilm ancestor 
have been as follows : — First the doubling of the gizzard, then the 
tlevelopment of the luici'onephridial condition, and then the 
development of calcifcrous glands in certain postgenitjil segments. 
In Mo7ingaster, therefore, the gizzards having seeomlarily unite<i, 
the essential chameters are the micronephridial condition, the 
calciferous glands, ami a single gizzard. But these are exactly 
the chanictoi’s of ihtochaetm^ which l)elongs to an altogether 
different subfamily, the Octochietiiise. In this line the initial 
change was t)«e breaking up of the nephridia, and tliis has been 
followed in Octoefuttm by the development of calcif 61*0118 glands, 
here too, as in Dichogmter and Moiwgastery in the segments behind 
the ovaries; the gizzai-d has never b^n double. Tliere is nothing 
in the arrangement of the male organs to distinguish Monogmter 
from Octoolmtm ; the calciferous glands in Monogmter are three 
{Miirs, in segments xv., xvi. and xvii., while in OctorJustus they 
are one or two pairs, in xv., xvi., or lx)th ; but this could liot be 
a gi*ouml for generic distinction. There is a <lifference in tyi>e 
between the inicronephridia in the two genera,, —numerous and 
tubidar in OetocfimtUs^ fewer and saclike in Mo7wgmter\ but 
beyond this the only distinction is in the distribution — Jfono- 
gaster comes fi*om Africa, fix)m the IHahogmter region, while 
Octockastus has never been found farther west than the Malabar 
coast of India. The line of descent of each is perfectly plain ; 
still the case illustrates my contention, that the same end may 
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be reached by dijSerent paths; in other words, cei*tain groups 
with the same anatomical characters may have a j)olyphyletic 
origin. 

Must it then be aii article of faith that each genus has arisen 
once and once only ? Variations may be innumerable — no doubt 
every organ and part may vary and does vary independently ; 
but the variations that mean anything, that come to anything 
from the point of view of evolution, are not inniimei*able — they 
are limited both in their seat and in the direction they titke. 
And it would seem that similar steps are being biken in many 
parts of the range of a group; with the consequence that the enrl 
condition is similar also. In other words, we have a polyphyletic 
origin of certain groups. 

Objections may be laised to the alxne line of aigunient. It 
may be said, foi* exami)le, that what J have been discussing are 
cases of convergence, which nobody has ever dcnitMl. Or it may 
be siiid that if, as 1 have claimed, Meymcolex or any i>ther genus 
has a multiple origin, then it is not a true genus, and that the 
group we know as Meyascolex really consists of several genera 
with different lines of descent. 

The term convergence is applicable to the case of MoavyattUtr 
and OctochcBtuSj just discussed; it is applicable^ to that of the 
group of species of Meyascolex descended fj om Verimiyx and tlie 
group descended from Notoscolex, as well as that descended from 
Spenceriella-j if this origin should be conlirmed. Hut it is not 
applicable to the different groups of species of Meyascole^k 
descended from different Notoacolex forms, nor, generally, to the 
multiple origin of one genus from another single genus; 
there is no convergence here — the developments are parallel. 

Further, along with the use of the term convergence there 
seems to go an idea tliat a careful inorphologicuil examination, or 
a consideration of distribution, will ultimately suffice to distinguish 
groups of different origin, and that a different descent will always 
betray itself to sufficiently careful and minute investigation. My 
point is that it may not do so. Naturally, in giving specific 
instances to suppoi*t tlie a priori argument, 1 have had to gi\'c 
cases where aomf. features of cei’tain species of a genus seem to 
countenance a separate origin for these species ; otherwise if there 
had been no anatomical features at all to support the hypothesis 
of a double origin, the oi'gument could have been deductive only. 
I have tried to show that in the genus Meyaacolex we can with 
some probability sepamte off small groups here and tliere which 
have originated at different tiu)es, from different ancestors-- 
these ancestors, too, belonging to more than one genus. But, 
even if these groups were separated off, are we prepared to say 
that the large number of sjwies which remain (the gieat 
majority of the genus) own a single ongin ? — ^that we have been 
able to discriminate all such independent groups % Such a claim 
would be, to my thinking, extremely rash. 
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As to the further point, that MegdbacoUx is not a true genus 
but a group of genera, the matter is largely one of words. If 
anyone wishes to paraphrase my conclusion, and say that 
^Siiiierent lines of descent may give rise to forms that it is 
impossible to separate genericaliy by anatomical chaiacters,'* I 
have no quarrel with him. I believe, however, that the sentence 

genera may be polyphyletic ’’ expresses this conclusion with 
e(|ual correctness. For what is a genus ? It is, of course, an 
tissemblnge of species having eet'tain chiirjictei*s in common : are 
we justified in going fuHlier, and saying “ A genus is an 
assemblage of species having certain charactei's in common, and 
owning a common descent ” ? 

I do not think so. In the first place, the term genus was used 
in the first sense long before the doctrine of descent ha<l won 
acceptance. Another and more important imson is that, as must 
ha evident from what has preceded, we do not know what the 
lines of descent eeiliainly are, even in so well known a group 
(and one so favourable for our purpose) as tlje IVtegascolecidie. If 
we cliooso the second conception, we shall find it impossiblt^. in 
the present state of knowledge, to divide up tlie polyphyletic 
group known a.s the genus Megcmole^v into assemblages of s{)ecies 
having certain characters in common ami owning a comjuou 
descent. 

Yet genera, definite assemblages, we must have ; we iinist have 
groups alxive species, and these groups must necessarily have 
limits of some kind. Since we cannot, in the present state of 
knowledge, define these groups by their descent, we must define 
them by their anatomical characters, and perhaps by their 
distribution, hi some cases we can say that in all probability a 
group so defined is a genetic unity ; in iminy cases we do not 
know whether this is so or not ; in .some we shall suspect or feel 
convinced that it is not. But till we are able definitely to mark 
out new gi’oups on genetic lines, we cannot relinquish the old 
anatomical groups, 

A classification is one thing, a phylogenetic tree anotlier. No 
one believes more firmly than I do that phylogeny ought to be 
the basis of classification ; but candour must admit that as yet 
it is incapable, in many cases, of constituting such a basis. Our 
classification must necessarily, for practiciil i^asons, present itself 
as a complete scheme ; our phylogenetic trees are and will long 
remain woefully incomplete. As our ideas of phylogeny be<x)ine 
more and moi^ settled, our classification must be i*evise<l to 
cotTes[K>nd with it. But so long ns we see anatomical gi*oups 
which we suspect, or can demonstrate, to be of diverse origin, 
without being able definitely to se{)arate them up according to 
their descent, so long we shall have to put up with polyphyletic 
genera. ^ 

For bibliography see end of next section. 
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III. Some General Considerations on the GfioattAPUiCAL 
Distribution of Indian Olioociiasta. 

The geogmphiiiMl distrihutiou of Indian Oligoehaeta Inis been 
treated at leiigfcli by Beddard and MieliaHlsen ( Beddard 1, 2 : 
Michaelseu 7 , 10 , 11 ). The <3ai‘lioi‘ writings of both authors sre 
valuable for the discussions of the means by which the migrfitit)ns 
of OligocliHeta are in general effected ; but the large colletjtions of 
Indian •worms investigated by Michaelsen in 1909 and 1910 ( 10 , 
11) increased our knowledge of the actual facts of distribution to 
such an extent that the special conclusions in the later works 
supersede those arrived tit in the earlier. 

(1) The. Migrations of OUgochmia, 

Oligoclueta may for the present purpose he divided into three 
groups — limnic, littoral, and terrestrial, each witli its distinctive 
modes of spreading. 

Limnic forms have a great diversity of means of dispersal. 
Tiiey may spread directly througliout a liver system, through all 
the canals and into all tlie tanks ami reservoirs supplied from it. 
Their cocoons are easily transportetl in the mud whic/h adheres 
to the feet of wading birds ; some forms are known T/O encyst , and 
hence may be transported in this manuei* ev<‘n in the adult state. 
An Enchytiwid has lieeii found frozen in a block of ice, and 
recovered (Boddard, 1). 

As a consetjuence the stimogenera — sometimes the same species 
even— are found in \vi«lely distant places. 'J’he ca.se is similar to 
that of the llotifera and Protozoa, of which the same genei'a and 
species are found in ponds and streams all over the worlil. Tliere 
appeal's to be but one genus. /irauehitxirUtis, Df the limnic 
Oligoclueta whicb is p.'culiar to India, while a nuudier of s^iecies 
are found both in England and India, or in Europe and India 
{s|>ecios of Nais^ Chfttogaster^ f)ero, Auiopkorus, Tristinay etc.). 

Littoral forms live on the .shore, exposed at times to submersion 
in salt water. Like the la.st group, these have a wi<]e distri- 
bution; being, unlike earthworms in general, immune to salt 
water, they can be t ransported in masses of seaweed, or moie 
commonly their cocoons are so ti*an.sjK>rte<l, entangled in masses 
of weed or other detritus. Not only can they take possession 
of a wliole coast, and spread along the shore line, but they may 
in this way travel over sea for long distances. The most note- 
worthy genus is Pontodrilna, which occurs along the coasts of 
India, and has a circuui mundane distribution. 

Terrestrial forms constitute the bulk of the Oligochieta. Here 
the means of spreading are more limited ; for the most part 
eai:th worms are dependent on their own activities for reaching 
new regions, and hence their wanderings must be veiy slow. 
According to Michaelsen, worms which are found outside their 
burro^VB apparently wandering about have for the most part been 
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obliged to leave their homes by illness, or by unfavourable con- 
ditions such as the flooding of the burrows ; many worms, if 
exti*acted from their holes, are unable to make new ones, and 
must die. Borne, however, cei*tainly possess the power of active 
wandering, as is shown by the numbers sometimes found under 
heaps of manure. But it is obvious that the peopling of a 
territory by earthworms through their own exertions can only 
be vei*y slow. 

Not only so, but they are limited in their wanderings by 
desei t tiucts — some degree of moisture in the soil is essential. 
Bnow-covere<l mountiiin ranges are another obstruction. And 
especially the sea limits them, the majority of earthworms being 
quite unable to [>as 8 even a narrow arm of salt water. 

We have to rec-ognise, however, that not all the ten’estrial 
forms are so strictly limited in their means of dispersal as the 
al>ove wouhl imply. A tree-trunk floating down stream, or 
earth between tlie lioofs of cattle, may transport worms or their 
coc'oons. More imjKu'tant is the part that man has played ; 
Lumbricids, natives of Europe, have been int-roduce<l all over iihe 
world along trade loutes: in W. Austnilia they are almost the 
only' earth W'or ms to In? found near the towms ; the indigenous 
fauna is to be sought in the ivmoter parts of the country. One of 
the commonest worms of the Punjab is Allohhophora caliginoi^us; 
certain species of PJifretirMi have l>een carried round the globe, 
far from the regiim where the genus is endemic. Small worms 
ar(‘ more likely to be carried in this way than larger ones; and 
small speci<'s of IHchoyrti^ter^ an Afi*ican genus, ai*e common 
throughout the Malay Archipelago, ami not rare in India. 
Bolnnical (hirdens are oh\*iously likely to he centres of dispersal 
for such introduced species in a new* country. Records at Kew 
and Hamburg leave no doubt of the reality ami abundance of 
these transfers through the agency of man. 

There are also, of course, differences in the powers of the 
worms themselves. Some species seem to he able to tinvel 1001*0 
widrdy than others, and more (juickly, and to adapt themselves 
to new suiToundings and establish themselve-s more easily; and 
it may thus happen that a species spi'ead.s over a large legion 
quite apart from Imman interference. It is not always possible 
to distinguish between these cases and those of introiluction by 
man ; an<l Michaelsen has atlopted the name pei*egrine for the 
widely wandering specues, whether they owe their diffusion to 
man’s agency or to their own uitiaided powers. 

For the purposes of Zoogeography, the distribution of fresh 
water and littoml foinns is of little or no importance; and the 
same holds for the peregrine forms among the tori*estrial gi*oup. 
Thus, in discussions on the place of origin and past histoiy of 
the genera or larger gi’oiifis, as welf as in coming to conclusions 
as to the pjist distriVmtion of land and water, we are limited 
for our facts to earthworms in the strict sense, and to those 
among them that have a defliiite and limited range. But, 
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having purified our material in this way, Michaelsen iiolds that 
we have in the Oligochieta a group which is capable of yielding 
results for palieogeography second to those of no other group in 
importance and certainty; the worms cling to the soil in the 
most literal way, csn only make use of the earth in their wander* 
ings, and by the facts of their present distribution can thus 
demonstmte in the plainest manner the existence of land 
connections where, it may be, there is now only a wide stretch of 
ocean. 

(2) The Facts of Distribution and their ctirrent EaylanaUmu 

The material which is available for use in the following 
discussion is derive<i from the following groups: — Tlie sub- 
families Megaacolecinae, Octochfetina% and Trigastriiia' of the gvmt 
family Megoscolecidee ; the family Moniligastridre ; and scaixjely 
anything else. 

(a) The Megascolecince, For the phylogenetic relationships of 
the geneiTi of Megascolecinee the previous article and its text- 
figiue may be refened to. 

Diphtrema, from which the subfamily takes its origin, occurs 
in Queensland and New Caledonia. Plntellm is fouml in Ceylon, 
8. India, and the E. Himalayas; in Australia and Tasmania; 
several species occur in the western part of N. America. Mega- 
scolides occurs in 8. India, in W, India, and in the E. Himalayas : 
in Australia and Tasmania; and it has one species in western K. 
Americji. Noioscolex is fouml in the Indian region mainly in 
Ceylon, but also in 8. India and in the E. Himalayas ; outside 
1 ndia it occurs in Australia and New Zealaml . Megascolex is fouml 
especially in Ceylon, to a somewhat less extent, in 8. India, and 
hardly anywhere else in the Indian region ; outside India it is 
found in Australia, Tasmania, the N. Island of New Zealand, and 
Norfolk I. (between New Zealand and New Caledonia). Pherethmi 
is a genus of which many meml>ers hove wandered widely; its 
proper home, however, is S.E. Asia and the neighbouring islands — 
the whole of the Malay Archipelago ; from Burma on the one 
side it reaches to Japan on the other ; a few endemic species are 
found in India proper, but they hardly entitle India to he con- 
sidered *18 part of its proper home ; one species is perhaps endemic 
in Queensland, and perhaps one in the Comoro Is. Diporochmta 
is only represented by one species in India, and the record is an 
old one : no locality is given, Iwt it was probably found in 8. 
India ; the headquarters of the genus is Victoria and Tasmania ; 
species are also found in Queensland, New Zealand, and (one 
species) on the Chatham Is. (east of New Zealand). Periongx occurs 
as the dominant genus in tlie E. Himalayas, and is also scattered 
over India generally ; it occurs also in Victoria, Tasmania, and 
the Auckland Is., and one species is found in Sumatra and Java 
(as usual, peregrine species are omitted from this review). 
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Waodwmrdia is found in Ceylon and S. India, and in Burma ; also 
in Aiisfcmlia and in Java. Coma/rodrihia is purely Indian — there 
is only one species, found in the extreme south. tSpenceriella, a 
small genus, occurs in S* India and Victoria. 

A few other small genera of terrestrial Megascolecine&, 
characterized by an increase in the numl)er of gizzards, do not occur 
in India; two are Australian, one is common to Australia and 
New Zealand, and one occurs in the Philippines and Moluccas. 

It will be seen that nearly the whole of the Indian genera (all 
except the small genus Comarodrilm) are represented in Australia; 
a number are found also in New Zealand, a few in the islands 
near New Zealand, and a few in the islands of the Malay Archi- 
pelago. 

The conclusion drawn from the occuirence of the parent genus 
JHphtrema in Queensland is that the subfamily took its iise from 
80inewhei*e in this region, which is not very far from the centre 
of the area now inhabited by the subfamily. The descendants 
have travelled further afield — towards India, towards Tasmania, 
towanls New Zealand and the neighbouring islands, and no|ih- 
ward throughout the Malay Archipelago to Japan. And of 
course the importa^it j)oint is that they must have travelled 
by land. The I’eason for the absence of so many of the geuem 
from the islands intervening between Austmlia and India 
is that here the mighty genus Pheretima has crushed nil com- 
petitors ; it is the youngest, most highly 8 pecialize<l, and most 
vigorous genus of the subfamily; it is still spreading, many species 
are among those most commonly introduced by man, and they 
show themselves most successful colonists. 

Michaelseii does not, however, aasuine the prolonged exist»ence 
of a hroail land connection between tiie regions mentioned. The 
relations were much more complicated, and were often changing. 
Perhaps there wfis not a complete bridge at any time; the 
normal condition of the region intervening between Australia 
and New' Zealaiul on the one hand and India on the other was that 
of an archipelago, which extended to Ceylon and S. India over 
the present Bay of Bengal. The lM>nndarie 8 of the islands often 
changed : sometinu*s they joined, sometimes they separate<l, — 
and #<> doubt in a different place ; and in this way paths 
became available for the continued expansion of the various 
genera. 

Moreover, since certain Indian genera have such a definitely 
limite*! area (certain of those already noticed being confined to 
S. India, Perionyx being chiefly an inhabitant of the Himalayan 
region, and Entyphneits^ to be mentioned subsequently, b^ng 
confined to the Qangetic plain), India itself was split up into 
a number of large islands. Thus the Malay Archipelago is the 
only remaining part of a larger archipelago which existed in 
the early TeHiary, of which the middle part is submerged, and 
the Western has consolidated to form the j>resent India. The 
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occurrence of two of these genem (Phitellm and MegacacolideB) in 
North America is supj>oae(l to point to their having ti'avelled 
over the Angara continent. 

The other groups are less extensive ; they reinforce the aliove 
conclusions, and permit the formulation of a few more. 

(b) 7^he Oetochoethm. This subfamily, a.s stated in the pre- 
vious article, originated from the common NotiodriluB ancestor 
by a breaking up of the nephridial system ; the lines along 
which evolution has advanced have also been mentioned. 

There is a form UowobcoIbx in Madagascar in whicli the 
breaking up of the nephridia has not proceede<1 far, meganephridia 
coexisting with micron ephridia. In OciochatiUB the breaking up 
is complete. DinodriluB is derived from OctochoituB by a 
multiplication of the setaB to the number of six piirs instead of 
four; the microscolecine reduction of the posterior male organs 
without change in the number of setae leads to the genus 
Eviypheem, A continued inereitse of the number of setae ami 
the conse^pient formation of complete chains was supposed to lead 
to the evohition fi*om Octoch(HuB of HoplochmUlla ; and in a 
previous section I have given reasons for supposing that 
KmlichogaBter is also derived from OctochceiuB hy a reduplication 
of the gizzard. 

OctochmtuB is widely distributed in India, and occurs also in 
New Zesdand, but not elsewhere— not in Austmlia. DhyniriluB 
occurs in New Zealand only. Hoploch(Ptell>a was first found in 
India, and species which were referred to it wetHi subsequently 
discoveretl in New Zealn-ml, but these prolmbly belong to a 
different genus (20). Eatyphenvs and Eiidichogaster are purely 
Indian genera. 

Here, then, we have relationships which differ from those 
of the Megascolecin® ; tliey exclude Australia, and concern only 
India and New Zealand, toie conclusion is that at the time of 
the dispersal of the Octocluetinae there was a connection between 
India and New Zealand which did not extend to Australia ; 
perhaps it passed entirely to the north, through the great 
islands of the Malay Archipelago. The Octochietiine do not 
occur at pi^esent in the Malay Archipelago because they have 
been unable to survive in competition with the dominant 
Pheretima, 

(c) TrigastinncB, This is a small subfamily — very small 
as far as India is concerned. The essential character here is a 
duplication or triplication of the gizzard. The parent genus 
Diploeardia differs only in this respect from the Notiodrilus 
ancestor of the whole family {Diplocardia and a closely similar 
genus ZapotBcia have been regarded as constituting another 
subfamily, the Diplocardiinae), Prom Diplocardia is derived 
Trigastery in which the meganephridia have given place to 
micronephridia ; it therefore has the ori^nal an-angement of 
the male apparatus, himbricine setae, micronephridia, and a 
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reduplication of the gizzard. Prom TrigasUr is derived Dicho- 
g<$8ter^ in which calciferous glands are developed in segments 
xv.~xvii. or thereabouts. 

The geographical relations of this subfamily are quite different 
from those of the preceding groups. Diplocardia is found in 
North and Central America, and its descendant TrigosUr in 
Central America and the West Indies. Dichogaater is endemic 
in Central America and the West Indies, and also in tropical 
Africa ; all the species that are found in India ai*6 introduced, 
with the possible exception of one only. Eudichogmter, a purely 
Indian genus, is derived from Trigaater by Michaelsen (by the 
development of calciferous glands in segments x.-xii. or there- 
abouts) ; but in a previous section (No. 1. of the present series) 
I have given my reasons for l)elieving that this genus belongs to 
the Octocb8Btin«e. 

The view of Michaelsen is that Trigaaie/r spread from its 
original home in Cential America and the West Indies by means 
of a land'bridge to Africa, and thence, by a land-bridge in the 
Pliocene, to India, where it gave rise to Etidichogmter, iti^elf 
disappearing in India in the transformation. Dichogaater had 
its origin from Trigmie}* on the AniericJin side of the Atlantic, 
crosse<l the Atlantic l)v the same bridge as Trigaater and reached 
Africii; its indigenous range at present extends no further — 
inileed it <loes not seem to have as yet quite reache<l the eastern 
shores of Africa (tliough a large number of peregrine spetdes 
are known from farther east, including India). Trigaater has 
been exterminated in Africa by tlie dominant genera Eudrilus 
and its own descendant Dichogastery wdiich between them quite 
dominate this region, in the same way that so many genera of 
Megascohjcida? have disappeared from the Malay Archipelago in 
eonsequetjce of the spread of Fherethna. 

(d) The Moniligaatrvhe, This family consists of only a few 
genera. Without going into the relationships of these, it may 
bnefiy be stated that Deanwgaster^ the supposed ancestral genus, 
is found ill lloriieo, Sumatni, and l»ower Burma, and its descen< 
dant Eupolggaster has a similar distribution. Drawida^ the 
largest genus of the family, is predominantly S. Indian (though 
its mnge has recently been shown to be more extensive than was 
believed); Moniligaster^ a small genus very close to Drawida^ 
belongs to the stime region. 

Michaelseu supposes that S. India and Ceylon were peopled by 
this family by means of a land -bridge across the Bay of Bengal, 
and rejects the supposition that the forerunners of the present 
S. Indian Moniligastrids could have travelled by land round the 
head of the Bay ; they would have left some trace of their passage 
in that region (a number of endemic species of Drawida have, in 
fact, been recently shown to inhabit .^his region). Besides, the 
bridge was in existence when the Megascolecinse passed over 
to S. India, and so was available for the MoniiigastridsB too. 
Pfioo. ZooL. Soc. — 1921> No. IX. 9 
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(3) The Objections to the current Explanations, 

I may preface the present section by a brief statement of the 
reason why I feel a dilficulty in accepting the existence of land* 
bridges as an explanation of the above facts of distribution. 
It is this. 

Terrestrial Oligochseta are, I believe, a recent group, and some 
of the genera we have been considering are among the most 
recent of the eartli worms. They have probably arisen in the most 
recent geological periods. But the geneml aspect of the fauna of 
Australia and New Zealand shows that no land connections with 
Asia have existed during these periods. It is necessary therefore 
to find other explanations for the existence of so large a common 
element in the earthworm fauna of these regions. 

(a) I'errestrial Oliogochceia a recent Group, 

The food of earthwoimis is vegetable nmuld ; and presumably 
there were no earthworms in existence until the vegetable mould 
was present in sufficient quantity to nourish them. We may 
thus {)nt their rise at some time not earlier than the spread of 
dicotyledonous plants, which took place during the Cretaceous 
pei iod. This would limit the evolution of the fii'st earthworms, 
the ilifferentiation of the several families, and the evolution of the 
numerous genera of these along lines of descent similar to those 
we have followed out in the Megascolecinte and other gi*oups, to 
little more than the I'ertiary and Quatermuy. 

The recent origin of many of the present-day genei*a seems also 
to be indicated by the extraordinary variability of a large 
number of genera and sjiecies. A s examplas, it may be mentioned 
that the variability of genital papilla? and other markings is a 
common difficulty of systematists ; that the number of gizzards 
in the genus Draivida varies fairly widely in many species; that 
in one and the same genus of Megascolecida' we may meet with 
species with testis sacs or with free testes and funnels; in another 
with the original (“ acanthodriline arrangement of the male 
organs, with the inicroscolecine reduction, or with the “balantine” 
reduction (disappearance of anterior prostates, and union of 
openings of vasa deferentia with the posterior prostatic pores) ; 
in another, with paired or fused genital orifices ; or with sperma- 
tbecae varying in number from two to seven ])air8 or I'ven more ; 
or with seminal vesicles which may vary in number or position 
or both — indeed these variations of the seminal vesicles are 
sometimes found within the same species. The consequence 
is that the generic and specific diagnoses are uncommonly wide 
as compared with those of other groups. 

Even so, the systematist often has extraordinary difficulty 
in referring his specimens correctly. He seems to get so many 
intermediate forms ; in the case of single specimens it is some* 
times impossible to say whether more ample material would 
justify the erection of a new species, or would show a range of 
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variability that would link it on to (ua existing species. Tlie 
number of described “ forms ” and varieties is therefore large. 
Sometimes, as in the case of PontodrUits^ critical examination 
and the increase of knowledge i*esults in the union of a whole 
series of species under a single name. 

Not only are transitions between species common, but the 
same is true for genera. In speaiking of tlie MegascolecinsB in 
the previous article it has been nobe<l that literally all stages in 
the passage from the lumbricine to the pej icluetiiie arrangement of 
setae, from the meganep]‘i*idial to the micronephridial condition, 
and from the tubular to the racemose prostates are met with. 
The same holds for other chamcteis which have l>een used as 
generic distinctions, e. ij. the well -developed or the vestigial 
gi/.zard, the degree of approximation of the genital aj>erture.s, etc. 
The consequent difficulty of separating genera has led Michaelseii 
to fuse a number of genera, with, 1 think, a great sacrifice of 
'Convenience. 

In speaking of the 8. Indian earthworm fauna, I have noted 

(19) that the Meyaacolex seems i/o have ‘‘ recently under- 

gone a notable blossoming forth, with the production of a large 
number of forms and intermediate forms, and that in conse(|uence 
it is extremely difficult to .sej)arHte species from varieties, and 
varieties from examples of individual variability. The (Imlian) 
range of Me,(j((.s:(dex is of very limited extent, yet the number of 
spocies is extraordinarily large; and still every collector, wherever 
he chooses to explore, brings back muiuuDus novelties ” ()f the 

same kind is the dis<H)very of what 1 have called a “nest ’’of 
related species of Drawifla in the Chittagong district (20), and of 
Species of Hoplochtt^slla in a limited region of Western India 

(20) . The same blossoming forth is seen in the LumbricidaB, 
where the <listi notion of species, and esi>ecia11y of genera, is 
notoriously difficult ; genus piiSM^s into genus — often into more 
than one genus — and the same kinds of change*^ appear to be in 
progress in ditterent parts <»f the tree, to such an extent that the 
eonfnsion is almost inextricjible. There is thus an appeamnee of 
incomplete differentiation, and a lack of that fixity and extinc- 
tion of intermediate forms which we are accustomed to associate 
with old established groups. 

Add to this the mere length of the line of descent fixun the 
suppo.sed late Hecoudary ancestral earthworms to such forms as 
Me jmeohx and PJtxreimay the latter portion of which ha,s been 
traced in the previous article. It .seems highly improbable that 
in such a vigorous gi’oup, and one so capable of adaptation to 
new environments, the differentiation of genera should have 
■ceased soon after its first rise — so long ago, say, as the Eocene. 

(b) The Qmsiion of Land’-Iiniyes in fjemrtd* 

That the outlines of land and sea have chin ged during geo- 
logical time is of course iiniveimlly admitted ; but as to how great 

9# 
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the .chan^^es have been opinions vary ; the tide sways backward 
and forward, and no agreement has been reached. Zoologists 
will remember that Wallace inclined at lirst to the opinion of 
numerous and great changes — such fundamental changes as the 
bridging of tlie Indian 0<Mian by the hypothetical continent 
Lemuria ; but that later he came to believe in the essential 
permanence of all the great ocean basins. On the whole, how- 
ever, the zoologists are to bo found among the bridge-builders, 
and they have the company of some distinguished geologists ; 
but it is perhaps true to say that geological opinion at present 
is inclining to the theory of permanence. 

Needless to say, no one would deny vertical movements of the 
order of 100 fathoms or so; no one could refuse to believe that 
Englarnl had been united to the mainland, or that a large piirtof 
the Malay Archipelago had been united to the continent of Asia, 
And a rise of 100 fathoms would unite all the large masses of 
land into one, with Australia as a <loubiful exce])f.iori ; seen in a 
N. Polar projection, wc should have a mass of land round the^ 
N. Pole, with three tongues, S. America, Africji, and Malaya 
radiating outwards towards the 8. Pole. The soundings are not 
sufficient to determine whether there is a continuous bridge to 
Australia above the 100 fathom line or not. New Zealand, 
Madagascar, the Wt^st Indies, ami numerous small oceanic islands 
would remain sepamte. A lowering of 100 fathoms would isolate 
N. and S. America, Asia, and Africa ; and Europe w'ould form a 
complex of islands and peninsnlns much like the East Judies 
to-day. It is changes of this order that are considered allowable 
by the more conservative school, not such changes as w^ould 
bridge the N. or S. At^ls^utic or Paciffc Oce^uis. 

What appears to have brought about something of a change of 
opitiioji in recent years is the increasing siippoit accoixled U> the 
tl»eory of isostasy. The cnirth’s crust is in a condition of approxi- 
mate e([uilibriuni, the crust being lehs<lenKe tinder the mountains 
and continental masses in general, more dense under the ocean 
floor — this is shown by the measurements of gravity. It may be 
too venturesome to say that the mountains float like icebergs in 
water ; but the idea is that the land-masses project because they 
are lighter, while the bed of the oceans has sunk because this 
portion of the crust is heavier; and without the most extensive 
lateral motion of the matter of the crust the general arrangement 
of continental I masses and ocean cannot change. 

In addition Uy the measurements of gravity is the fact that 
there are no abyssal deposits on the continenttil plajbfoinis 
wherever these have been aderjiiately studied : i, the continents 
have never been deeply submerg^, though shallow seas from 
ti lie to time there may have been. And the continental shelf 
is so inarktHl, obvious, and universal a feature of the earth’s 
surface that it afl^brds the strongest kind of evidence of the 
a u.i |u ty of the ocean basins and the limits beyond which the 
coiitineiits have not extende<l. I have mentioned the eflfect of 
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raisiiij^ the l«vel of the land of the globe by 100 fathoms; an 
elevation of five times this amount would alter the boundaries 
very little more, VV. D, Matthew sums up the evidence strongly 
in favour of geneml permanency (5): — “The geologic evidence 
for the general perinaneticy of the abyssal oceans is over- 
whelmingly strong. The continentjU and ocejxnic areas are now 
maintained at their different levels chiefly through isostatic 
balance, and it is difficult to believe tliat they could formerly 
have been reversed to any extensive degree.^’ 

(o) Tfie Objection to the J ndo-Attstrcdimi Bridget. 

I propose later to enumtirate the several land- bridges which 
have been invoked to explain the distribution of the genera of 
earthworms common to Imlia and other parts of the world. Hut 
there is none of them the former existence of wliich seems to be 
better attested than timt between Australia and India ; this lias 
almost become axiomatic in the minds f)f students of the Oligo- 
elueta. The reason is, as has been said, tlie large number of 
geneini that are common to India and the Australian region. 

There can be no reasonable doubt that the western j)art of the 
Malay Archi}>elago has been joined on to the Asiatic mainland 
at no distiint time; accH>rding to Wallace, “all the wide expanse 
of sea which divides the islands of Java, Sumatra, and Borneo 
from each other, and from Malacca and Siam, is so shallow that 
ships can anchor in any pari of it, since it rarely excee<ls forty 
fathoms in depth ” ; while the eastern part of tlie Arcbiijelago 
has, with equal probability, foimied a [lart of Australia. Michaelsen 
assumes not only the passage of numerous genera of Megascolecidae 
from the Australian side, but (or perhaps as an altenmtive) 
suggests tliat some may liave pjussetl back into Australia fi*om 
outside ( 16 ). 

Hut bow does the hypothesis of land-bridges squai’e witli the 
other knowui facts of distribution i 1 have given some reason 
for thinking that the whole of the eaithworm fauna of the world, 
and in particular that {mrt of it with which we are dealing at 
present, is of recent origin. Meffosoolex, for example, is one of 
the youngest genera; its immediate ancestor Notoscclenc is one 
stage further Imck ; both are separated by a long line of ancestoi*s 
from the earliest eaii;hworiiis, which alone seems suflicient to bring 
their origin down to late Tertiary times ; ^egmeohx appeal’s to be 
evolving still, and has not as yet settled down to tlie compiiiutive 
fixity 'of an old-establishe^i genus. 

Now it is well known that, broadly speaking, Australia bns no 
indigenous Eutherian population. The great groups of ten’estrial 
Eutherians originated in the Eocene — some in the very early 
Eocene — and spread rapidly theimfter. How’, on the supposition 
of ft land-bridge, are we to let the Australian earthworms out to 
India without letting the Asian mammals into Australia? If the 
door is ojien for tjie particularly slow-moving worms, it is open 
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for the quick-moving Carnivora : in asking for land-bridges to* 
explain the distribution of the Oligochietn, we get much more than 
we want. There can never liave been aland connection l)etween 
Austi’nlia and the great land mass to the north-west since 
the Eocone, 

Sfcill stronger is the case of the supposed connection between 
India and New Zealand. This is a nccessit}', according to 
Michaelseii, in order to explain the occurrence of the Octo- 
chfetinje in both lands; and since the Octocluetinfc do not 
occur ill Austialin, the bridgi* in this ease avonled Australia. 
New Zealand does not even contain Marsupials ; yet Octocha^ttm^ 
the genus common to India, and New Zealand, is not a particularly 
arcliaic genus, and its occurrence in both Irnlia and New Zealand 
would, on Micliaehen's view, have to i>e explained by, presiimahh*, 
late or middle 'JVrtiaiy land connections. Hut New Zealand is 
an oceanic island, and probably has never been connected at any 
time* with tlie larger land innsses, cerbtinly not in Tertiary 
times. 

It is quite possible that similar objections might be brongiit 
against ihe other land-bri<lges which have been jiostidated to 
explain the existence of related or idontic.,al gener/» of earthw’orins 
in distant lands. 1 have specially iiientioned tlm above biva use 
it is so obvious, once attention has been drawn to it. The general 
principle is that, earthworms being a recent group, and recjuiring, 
on tlu‘ liyjiotlmsis of dispersal by land, connections of some 
considerable peiariaiumae, other groiqns nil! have been able to 
pass even rnori' easily ; niu\ ihe dispersal of earth W’orins )>y hand- 
bridges cjuinot he assumed unless 1.lH*re is a large degree of 
similarity ]>otwe(*n otlier elements of tlie fauna also. 


(4) Coniri hut ions toivm\h a more mtisfuctory Solvtion, 

1 trust that, in what follows, I shall not he considered to he 
treating too lightly the claims of zoogeography to a hearing in 
the discus.sioii of ihe problems of palieogeography. As M ichaelsen 

* Michaelmi’s t!ine-<irlM*ine can be* put tojcctlun* Kouiowliat a‘j follows: — Tlip 
oldest couiponents of the Indian eiirthuonn fauna date from the Upper .Jurassic, 
wlien India was connc(*tt*d bnmdly with both Atifpira anti Australia; IHntellug and 
MeffaHcolides W’amlered off into Ang'itra, reachiiij? w-estern N. America in the later 
Cretaceous. The chief >>art of the evolution took place in the Tertiarj, the period 
of the cban}i;ing luml-bridges. In the Plio(*ene the now consolidated Indian 
peninsula became connected on the W. or N.W. with lands which had earlier 
received their earthwonuH from Tropitail Africa {Kudichogasler). 

It will be seen that he puts the evolution of the (<roup earlier than I do; but 1 do 
not find anything which invalidates the line of argument and general ctmcinsiona of 
section 3a above, os|)ecially that oftheqiiite recent origin of the pliyleticjilly youngest 
genera such as Megn$cole:f. The w'oid used by Michuelsen for the period of 'the 
crigiu of the Indian Oligochiete fauna is “Malm,” which coiTesponds (Ziegler, 
Zool. Worterhuch) to the Upper Jura. X*luteiln8 and MeganeoUdet are supposed 
to have then been in existence ; is there any otlier example of genera of a variable and 
evolving group persisting since that ]ieriod, especially genera, such as these, which 
are coma'cted by intermediate gradations not only with each other, but with the 
genera below and above them (^iplotrema and JVoto8cole.r), genera, that is, which 
are still not sharply inarkwi off from their ancestors and iloscnidnntsf 
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says, “ Sioce the present geographical distiibution of eai^hworms 
depends in the first place on the configuration of land and sea in 
recent geological epochs, it is to be looked on as a valuable 
document for the history of the ea.rth/’ We are not bound, that 
is, to accommodate our conceptions of the wanderings of the 
ancestprs of the present-day fauna to the views founded on 
geological evidence only ; we also are in possession of important 
documents, and their evidence may perhaps be of superior cogency 
to that of geology. A zoologist is not likely to underrate the 
value of the evidence furnished by zoology ; only we must be sure 
what its value is. 

And firstly, in the present case, even if there were no geological 
eviflenoe, even if we were not told that “ the geologic evidence 
for the general permanency of the abyssal oceans is over- 
whelmingly strong,” it would be ouj* duty not to introduce Ijmd 
connections uniie<*essarily. It is an old philosophical rule tliat 
“causje non sunt innltipli(?anda‘ prieter necessitateiu ” ; in the 
present cjise Ave may substitute “britlges,'’ and say ^‘pontes non 
sunt inuliiplicancli pni'ter necessity tern.” We have a nnmlier of 
agencies which are in existence before our eyes to-day : The slow 
exten.sion of distribution by the normal Avanderings of earth- 
worms, the extirpation of indigenous Avorms by younger forms 
of later intnxluction, the existence of natunil mfts f»n the sea, the 
known ability of certaiii worms an<l their cocoons to endure salt 
water, the [xdyphyletic origin of ceiiain genera, and modenite 
changes of lainl and sea ; and it may fairly be demanded that we 
exhaust the possibilities of these before we have recourse to the 
constiMU’tion of bridges which we cannot see and which are at 
any rate much more hypotheticjil in nature. 

Again, 1 speak only of those bridges which have been postulated 
in order to explain the distribution of Oligochseta, and especially 
of those Oligocha'ta which occur in the Indian and Australian 
regions. My contention is that the gi^eater pari of these are 
unnecessary in this connection ; whether they are a necessary 
assuni})tion or not for other reasons, I must leave to othei’s. 

And first with regani to natural rafts. Matthew recalls the 
fact that these hfiA'e several times been recorded as occurring over 
a hundred miles off the great tropical rivers such as the (langes, 
Congo, Amazon, and Orinoco; and for one such observed, a 
hundred may have drifted out unnoticed, Wallace, in his 
‘Island Life,’ speaks of “those floating islands which are 
(italics mine) formed at the mouths of great rivers. Sir Charles 
Lyell describes such floating islands which Avere encountered 
among the Moluccas” (i. e. between Celebes and NeAv Guinea, 
where there is no large river) “ on which trees and shrubs were 
growing on a sh*atiim of soil Avhick even formed a white beach 
round the margin of each luft. Among the Philippine Islands 
similar rafts Avith trees groAving on them have been seen after 
hurricanes, and it is easy to understand how, if the sea were 
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tolerably cahu, such a raft might be carried along by the current, 
aided by the wind acting on the trees, till after a passage of several 
weeks it might arrive safely on the shores of some land hundreds 
of miles away from its starting-point.” 

Overseas colonization is a veiy remote chance, it is time, in any 
given length of time ; but, says Matthew, if we multiply the 
almost iiihnitely small chance that such colonization takes place 
in any given length of time, such as a year, by the almost infinite 
duration of geological periods, we obtain a finite and quite 
probable chance. For example, the time during which natural 
rafts have been observed covers about tliree centuries, wliile the 
<luratiou of CVnozoic time is estimated as thiee million years ; 
if we allow that ten cases of natural rafts have been recorded 
during these three centuries (the wor<ling of the extract from 
Wallace given above would, however, seem to indiciite that this is 
an understatement), a thotisand may have actually occurred in 
this time, and hence thirty million in the whole (^amozoic (this is 
a miscalculation — it should be ten millit)!!). He then makes 
certain assumptions regardiiig tJie occuirence of living mammals 
on such rafts — as to the chances of there being a couple, or a 
grsivid female, and as to the dangers of landing ; and bis con- 
clusion is that the number of cases during the ( -a'nozoic in wdiich 
mammals will have established themselves on the larger oceanic 
islands is of the ordei* of 300 — quite enough at any rate to cover 
the dozen or two known cfises. With invertebrates the chances 
would be much greater. 

And certainly, whatever the }K)8sibilities of the tninsfer of 
mammals by rafts, the tmnsfer of earthworms must lie far more 
probable. Such rafts as have lieen descriheil above may or may 
not bear mammals — Matthew’s calculations are based on the 
supposition that they do so only once in a hundred times ; but 
every one will probably contain earthworms, in the soil, un<ier 
the bark of living trees, in the axils of their leaves, or in rotting 
wood. Nor are worms restricted to the larger rafts ; the smaller 
worms of euryhaline gixnips (those that can withstand saltwater) 
and especially their cocoons, may probably be transported for 
long distances in masses of tangled seaweed ; Michaelsen, himself 
a bridge-builder, presses this point against Benhain in explaining 
the distribution of Mityroscoleoff in the Subantarctic regions ( 13 ). 

It may be asked, too, whether eaHh worms are in general so 
readily kille<l by salt water as is assumed. It is well known 
that many Enchytraeids and I'libificids are regularly found on the 
shore; and among the higher groups the genera Foniodrilnsy 
PontoBColeop^exxd. MicroacoUxXvAve the same habitat often, though not 
always ; I have received lIoplochMella from the shore of vestem 
India, though the genus was not previously known from such 
localities. It is at least possible that many worms are capable 
of speedy acclimatization to salt, just as a fresh-water Amceba 
can be acclimatized by the gradual addition of salt to its water. 
And it is remarkable how difficult it is to come at any definite 
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expenmont on the subject of worms and salt water ; the statement 
that they are destroyed by it seems to be commonly accepted, 
without comment and without reference. 

There ai*e, of course, other possibilities of transport for worms, 
or for their cocoons — the mud on birds* feet for example ; llenbam 
calculates that a strongly flying bird could pass from A ustralia to 
New Zealand (1200 miles) in 36 bom's. But the possibility that 
I most wish to insist on, aifter that of the occurrence of rafts— 
because I do not tliink that it has as yet received any attention — 
is that of the polypliyletic origin of some, at least, of the genera 
common to the Indian and Australian regions. I believe that 
this will go some distance towards explaining the presence of 
these common elements in the two faunas ; evolution has pi'o- 
ceetled on parallel lines, ami the younger genera liave not wandered 
from India to Austmlia or from Australia to India— -they have 
been independently evolved in each region. 

In my tirst sketch of the present argument tlie whole question 
of polyphyly in these genera was discussed in this place ; it was, 
in fact, in reviewing their geogmphical distribution tliat I was 
brought up against the subject* But the space that I was obliged 
to devote to it seemed too great to assign to a subordinate head- 
ing, and 1 decided to treat it independently. The whole of the 
previous article, however, may logically be placed here, as a con- 
tribution towards a more satisfactory explanation of the facts of 
distribution. 

We may flimlly proofed to a seimi-ate comideratiou of ilie 
semrcd h'idijes which have been postulated ; and here I shall 
usually take the conclusions of Michaelsen (with whom Beddai’d 
is in genoml agreement) as the basis of my own discussion, since 
he is the author who Ijas treated the matter most fully. Michael - 
sen re(|uires all the bridges to be mentioiie<l, and the splitting up 
of India into islands a.s well ; however, lie regaids himself as 
conservative in this matter. In a controversy with F. Siimsin 
( 11 ) he says, “ I am I'eproaclied with l>eiiig too wanton in my 
bridge-building. I do not think that such a charge can be sub- 
stantiated ; on the contrary, 1 believe that we do not reckon 
sufliciently with the mobility of the earth*s crust in this region ** 
(i, e, the Indo- Australian region). 

Th^'e bridges are as follows : — A bridge between Asia and N. 
America, to explain the occurrence of PlnteUua and MeguBColides 
in the western part of N, America ; a transatlantic bridge between 
the W, Indies and Central America on the west and Africa on 
the east, and a bridge between AfricMi and India, to explain the 
occuiTeuce in India of the Trigastiinae ; one between Austiulia 
and Further India over the present Malay Archipelago, and one 
across the pj^ent Bay of Bengal, said to be requisite to account 
for the distribution of the Megascolecinfle and Moniligastrids) ; a 
particular bridge^ at a particukr time, between India and New 
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Zealand, to explain the distribution of the Octochfietime ; and lastly, 
we may add, in the opposite sense, a number of arms of the sea, 
stretching across India and dividing it into a number of islands, 
which formed a ’western extension of what is now the Malay 
Archipelago. 

The bri dge to N. Amer ica may be admitted* It would })ass from 
the eastern end of Sil>eriaki Ahiska, and demands no oonsideiable 
elevation of the floor of lire ocean — indeed, a rise of 1000 feet 
would convert the N. Pacific into dry land as far south as the 
60th parallel. 

The case is otherwise with the bridge between Africa and India. 
What is asked for is something like the Leniuria of Wiilliice, or 
the Goinlvvaiia continent }K)stulated by many geologists. The 
important question here concerns Eiul ichotjaHiet^ according to 
Michaelsen a member of the Trigastrinrc, and descended from 
Triffaster, which is endemic in the W. Indies and Mexico. 
Michaelsen supposes that either crossed the Atlantic (by 

an A merico- African Vmidge) ami made its way across Africa, and 
thence by the bridge now under discussion to Imlia, where it 
evolved into (snfleriiig extermination in the African 

])art of its range) ; or Eiidichofjaster originated from Trifjaster on 
the American side, passed across in the same wa}’. and wasexter* 
minated in Africa hut maintained itself in India. But 1 think 
1 have shown in i\ previous section that it is at least txjually 
probable that EfulinhoifaHter originated from OctochiHiis (or 
Jlainielhi); ori this supposition Endic/tor/astf)' aro^e in India, to 
which it has thus always he<‘n confined. 

I have myself argued that the Indian genus Hoplochcpteila 
may he descended from ][omi8cole.r^ found in Madaga.scar (20), 
and Jjemuria or Gondwana would form an easy path for its 
transport. But U ojdochadella is — or at any rsite a number of 
species are — eurylialine, and are found on the sliores of western 
India ; and we must reckon with the possibility of transport 
from Madagascar in seaweed oi* other tangle ; the S.W^. monsoon 
blow's in the recjuired direction for several months of the year. 

Dichoifafiter lias reached mo.st of the islands of the Malay 
Archipelago, and some of the Polynesian islands, as w’ell as India, 
and there is no doubt that small species of this genus are 
frequently transported by man in the w’ay of trade. It is admitted 
that there is no need wliatever to introduce land-bridges to 
explain tlie wdde (Kjcurrence* of these species all over the East. 

The last reason for assuming the former existence of the 
Indo- African bridge would be the presence of a Moniligastrid 
(though one widely different from the Oriental Moniligastrid*e) 
in tropical Edst Africa. This African Moniligastrid is not 
descended from tlie Oriental branch of the family, nor the Oriental 
from the African ; this follows from the position of the gizzards — 
in front of the genital segments in the African, behind in the 
Oriental worms. The alimentary tube, without special thickening 
in the common ancestor, has developed into a series of gizzards 
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in one place in the Africiwi, in another place in the Oriental 
branch. There is therefore no question of African forms having 
travelled to India, or of Indian forms to Africa; the question is, 
where did the common ancestor live? We can only say, we do 
not know. Smith and Green, the discoverers of the African 
form, <lo indeed suppose this ancestor to have arisen somewhere 
in Gondwanaland, whence the Syngenodriline branch migrated 
to Africa, the Moniligastrine to the Oriental region (17) ; hut 
so far as I know* there is no special reason for the supposition. 

Wallace, as is "well known, gave up Leniuria, and became a 
believer in the permanence of the ocean basins. Matthew states 
that there is no necessity for Gondwann, from a palaeontological 
point of view — not even in the Paleozoic, if the interpretation of 
the facts of distribution is made along the lines he lays <lo\vii 
(origin of groups in the north, spread towards the south, the 
more primitive groups first and furthest); the w'eakness of the 
original evidemio for the former existence of Gondwann is 
forgotten, and new discoveries are interjreted in the light of it, 
as if its existence were well ^jstahlishwl. 

The A merico- African bridge, from Central America to tropical 
Africa, does not concern us so closely, and in showing reason to 
believe that Endichof /aster originated in India, we entirely <lo 
aw'ay witli the necessity for it so far as India is concerne<b 
Whetlier the large manlier of African J Hchogastei s can be 
explained as easily as the largo number of Indian and far Eastern 
species of this gen us “ as having been carried to their new homes 
in the vray of trade or human intercourse — seems doubtful. At 
the same time, in assuming a land-britige W’e are piobably getting 
more than we ask for ; wdmt w^e want is a passage for the extrenudy 
slow-moving earthworms, and when it is a matter of thousands 
of miles this passage inii.st be one of sonje permanency; ^\hat we 
actually get, therefore, is an easy and alniudant passage, for a 
long space of time, for all the elements of the fauna, and a 
mingling of the animals of the two regions to an extent which 
has certainly never happened. I can only concliule that we are 
probably better off, on the whole, without the A merico- African 
bridge. 

Tlie objections to the Indo- Australian and Indo-New Zealand 
bridges have already been .sulliciently insisted on. And not only 
are the objections more striking than elsewhere, but — at least in 
the case of the Austmlian bridge — the difficulty in dispensing with 
tlie connection is also smaller. Tiie actual distance to he accounte<l 
for, as is well known, is not great. A union of the eastern part 
of the Malay Archipelago with Austialia, and of the westei n part 
with Further India, is not only a feasible but a necessary suppo- 
sition on every ground; a land^bridge spanning the interval 
between the eastern and westerh parts of the Archipelago is 
objectionable except for the specific purpose of accounting for the 
distribution of the OligochflBta. Wallace placed the boundaiy 
between the two dissimilar faunas of the Australian and Oriental 
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regions i)etween the islands of Bali and Lombok; tlus is the 
interval where tlie assumption of a laud- bridge mises many more 
difficulties than it explains. But the interval is only fifteen miles ; 
and while birds’ feet and natural rafts offer a sufficient mode of 
transfer for worms and their ctwoons, they cannot serve to trans- 
plant the mammals — not a whole mammaliau fauna at any rate. 
It is, too, in the genera of the Megascoleeinte, t])e group which is 
common to India and Australia, that we have seen most reason 
to believe in polyphyletic origins ; as bearing on the probalulity 
of polypliyly it is interesting to recall wliat Michaelsen says (7) 
concerning tlie broad differences between the Indian and 
Australian gioups of MegaacoJex -that the Australian species are 
simpler, at a lower level of evolution, and more uniform, while 
the Ceylonese species are often furtlier advanced and in many 
oases approach Pheretima, We can thus manage quite well with 
the veiw caiisie we know, hut the bridge would only embarrass us. 

The distance to l.>e overcome in the cjise of New Zealand is 
gi*eater : but the general faunistic objections to a land connection 
with S.W. Ashi (which is supposed to have avoided Austialia) 
are greater also. We are coin{>elIed, therefore, to invoke the same 
agencies as before. 

Micliaelsen’s plea for a bridge across the Bay of Bengal, by 
which worms from Australia, and also from Further Imlia, could 
reach the south of the peninsula and CWlon without going round 
by the head of the Bay, de])ends for its force on the pre8eni‘e in 
8. India and Ceylon of genem wdiich are not found elsewhere in 
Tndia ; the argument is that if these genei-a liad [)asKe<l through 
the lauds about the head of the Bay, they would have left there 
some trace of their passage. Thus JJrawida, a Moniligastrid, 
common in 8. India, and descemled fixnn a form whicii was 
pi*r)bably not unlike Desmogaster (now found in Burma, Sumatia, 
and Borneo), was, when Michaelsen wrote, unknown from the 
intervening region, except for a few records of peregrine s|)ecies. 
But more recent discoveries have shown that, both in the E. 
Himalayas and near the coast at the head of the Bay, there are 
a number of endemic species of Drawida ; and it can no longer 
be urged that the Moniligastri<la^ cannot have passed round that 
way because they liave left no trace of their passage. (yVrtain 
genera of the Megascolecinse also were supposed to show the same 
limitation of distribution. iVotoacohiv was only known from 
8. India and Ceylon, and the same was true of its <lescendant 
Megaseoleai. Lately, however, the E. Himalayas have been shown 
to harbour three species (and a 'vaidety) of NotoacoleA' {Mega8coi>ida« 
oiieiUi is a Notoaeolsoo) ; so that here again it can no longer l>e 
claimed that a bridge across the Bay of Bengal is necessary l>ecau8e 
otherwise the genus would have left some trace of its passage 
round the head of the Bay, And the polyphyletic origin of 
Megaaoolex is, I think, clear enough to allow us t<> dispense with 
the supposition that it inigiuted into India from outside, whether 
round the head of the Bay or by a land-bridge across it. 
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Filially, I do not think that Miohaeteen’s view that Indin 
was, in the past, divided by stretches of sea — shallow arms of 
the sea^ — into a nomlier of diseounected islands, is necessary* 
A number of Indian genera do show, as be remarks, a limitation 
more or less definite to certain tracts of the country. These 
are Mtgascolex and Noto&coUjc, to the south of the peninsula 
and Ceylon; DrawirXa^ though this genus can now scarcely be 
said to l>e even roughly limited to the south ; EtUyphoeuSy to the 
Gangetic plain; Eudichotfaster, to a broad belt across the 
middle ; and perhaps HoplochHella^ to western India. Per tony. r 
has not now the strict limitation to the Himalayan region that 
was previously thought ; nor is Octoclujetiis limited to any one 
part of the country— it seems to occur throughout. It is, on the 
whole, the youngest genem that are limited in distribution, 
and it would seem possible to explain this by supposing that they 
have not as yet had time t.o spread veiy widely, rather than that 
their dispersal has berui hindered by arms of the sea. The con- 
clusions of geology, moreover, seem to be against Michaelsen’a 
view. ** It has been conclusively pro\e<l that the peninsula of 
India has nev'er been beneath the sea since the CHrl)oniferous 
pcrio<l at lojist.’’ (Eiicye, Britt., xi. ed., art. Asia, section 
Geology.) 
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6. On the Strnctare of the Reptilian Tarsus. 

By R. Broom, D.Sc., F.R.8., O.M.Z.S. 

(Keceived Novemljer 0, 1920 : Read Febniar 3 ' 22, 1921. j 
(Text-figures 1-27.) 

In 1864 Gegenbaur established the general homology of the 
elements of the tarsus with those of the carpus, and gave us a 
series of names for the elements which liave been used by most 
later writers. 

The typical carpus in the higher forms was shown to be made 
up of a radiale and an ulnare with an intermetlium between them, 
a centrale near the middle of the carpus, and five distal car})alia. 
In the hind limb the tibia and fibula undoubtedly correspond 
with the radius and ulna of the fore limb and the fiv^e distal tnrsjilia 
as unquestionably agree with xhe five distal carpalia, but as the 
proximal part of the tarsus usually has only three elements, there 
lias always rmnained some little doubt as to how* to honiologise 
them with the four proximal carpals. 

Gegeidmur considered that the two proximal elements of the 
mammalian tarsus — the calcaneum and astragalus — corresponded 
witli the ulnnre, the intermedium, and radiale of the fore limb, 
and that they ought to be regarded as the fibulare and conjoined 
intermedium and tibiale, while the third element, the navicular, 
he looked upon as the centrale of the tarsus. As the inter- 
medium and radiale ai*e fre<juently united in mammals, it, seems 
very natural to conclude that the intermedium might be perma- 
nently fused with the tihiale in the tarsus. 

Gegenbaur’s view lias been followed by the majoidty of later 
comparative anatomists and pakeontologists. When it was 
seen, however, that there was no evidence from either paheon- 
tology or from the study of the skeletogenesis in favour of the 
astragalus being a comjiosite element, most workers came to favour 
the view that tlie astragalus is the tibiale alone and that the 
intermeilinm has been early lost, though some few pi‘eferi*ed to 
look on the asrragalus as the intermedium and to consider that 
it was the tibiale that w’as lost. At the present time, though 
the large majority of authorities support the former view, the 
question is by no means settled, and I think there are good 
reasons to lielieve that the generally accepted view’ is a mistaken 
one. Within recent years, palaeontology has given us so much 
new light that it seems necessary to reopen the (iuestion. 

If we had well-preserved tarsi of all the Cavbonifei'ous and 
Permian amphibians and reptiles known, there would be no 
difficulty in giving the complete evolutionary history of the 
tarsus in its later stages. Unfortunately, the tai^sus of most of 
the early Tetrapods remained laigely cartilaginous, and even 
where the elements are ossified it is i*arely that we find them in 
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undisturbed positions. Still, we have a few early tarsi suliioently 
well preserved to suggest to us the main lines of evolution. 

The most primitiv^e Tetrapod tarsus known is that of the 
Temnospondylous amphibian, Trematops milUri Williston, from 
the Lower Permian Beds of North America (text-fig. 1 ). Here we 
find the tai-sus composed of four large proximal elements, one 
of which is situated centrally, five distal tarsal ia and three centralia 
lying above the fii'st, second, and third tarsalia. The element 
articulating with the end of the tibia we ought, I think, to call 
the tibiale, even though it is not, as I hope to show, the same 
element as articulates with the tibia in the higher forms. The 
other two proximal elements must be regiirded as the fibulare and 
the intermedium. These determinations are those of Williston, 
and it is difficult to see how they can Vie disputed. Williston 
points out that tViere has lieen a passage for vessels V>eiween tlie 
fibulare and the intermedium. 


Text-figure 1. Text-figure 2. 



Text-fig. 1. — Right tar8u^ and inetatar**u!i of Trematops mtlleri Williston*, 
slightly' modified after Williston. 

Text-fig. 2. — Right tarsus and metatarsus of Uranorentrodou 

V. Hoepen f. Tlie tarsal elements are figuretl in trin» relative position, 
as seen in tw'o diffeix*nt specimens. Letters indicate the probable 
position of the elements which have remained cartilaginous. 

* An American Lower Penuian Teninos|)ondylous Amphibian, 
t A South- African Uppeu* Pennian Temnospondylous Amphibian. 

Our South African Upper Permian Temnospondylous form, 
Uranocentrodon semkalemis v. Hoepen (text-fig. 2), gives us a 
further development of the amphibian tarsus. Though the tarsus 
is here imperfectly ossified, we have two specimens with the 
elements in almost undisturbed relations, so that we can be fairly 
sure of their determinations. As will be seen from the figure 
I give, there are three large, proximal, well-ossified elements and 
three imperfect ossified distal elemente. If we had not the clue 
afiforded by Trematops ^ we might determine the proximal elements 
as the fibulare, intermedium, and tibiale. W e might perhaps, even 
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more readily regard them ns the fibulare, tibiale, and centrals 
from their supei^cial resemblance to the calcaneum, astragalus, 
and Tiaviciilar of the mammalian tarsus. It is, however, quite 
manifest that, wlmtever the tibia supports, it is not the element 
lying on the tibial side of the fibulare. We can readily see that 
this element is the one which we have identified a.s the inter- 
medium in Trmnatops, It is similarly situated, and it has 
between it and the fibulare a piissage for vessels exactly m in 
Trematops. The element situated distal to this intermedium is 
manifestly the proximal ccntrale, Thetibiale has remained, like 
the majority of the other elements of the tarsus, cartilaginous. 
The other ossified elements of the tarsus are figured as they occur, 
I identified them as the first and foui-th distal taimls and one of 
the centrales, ilaughton, in describing the tarsus in the Bloem- 
fontein specimen, regards the distal elements as the first and 
third, hut the Pretoria specimen has the element in undisturbed 


Text-figure 3. Text-figure 4. 



Tc*xt-fig. S. — Ritclit tarsus and metatarsus of Scincosaurus crassiut F’ritsch*. 
After Jiutkel. 

4. — Ri^ht tarsus and metatarsus of Limnoscelis paludis Willihtouf. 
The positions of the missing elements, uhioli were probably carti* 
laginous, are indicated by letters. 

* A Mierosiiurian amphibian, 
t A primitive Cotylosaurian reptile. 

articulation with the head of the fourth metatarsal. Haughton 
agrees in regarding the third small ossification as the centrale. 
When the oiriilaginous elements are restored, it will be seen 
that the tarsus is almost exactly similar to that of Trematops, 
The most interesting feature of the Umnocentrochm tarsus 
is the tendency that it exhibits of the elements on the tibial side 
to become reduced. 

The next tarsus which we are able to study is that of the Micro- 
saurian Scincoeaiiriis cramis Fritsch. (text-fig. 3). Whether the 
Microsauria are to be i^egarded as reptile-like amphibians or as 
amphibiau-like reptiles need not at present concern us, as it is 
agreed by most that if they are amphibians they are apparently 
the nearest to the primitive reptiles. It is extremely fortunate 
Peoc. Zoon. Soo.— 1921, No. X. 10 




146 


DR. R. BROOM ON THK 


that we have this tarsus well preserved, as it shows us how the 
reptilian tarsus has been derived from the primitive amphibian 
type. As figured by Jaekel, it Inis three proximal elements and 
four distal. The elements articulating with the fibula are 
manifestly those we have i<leutifie<l in the more primitive type 
asUbulare and intermedium, and they are so identified by Jaekel. 
The third proximal element articulates with the tibia and is 
manifestly the tibiale. Jt is much smaller than the other 
proximal elements. The distal elements are the first four distal 
tarsalia. lletween the fibiilare and the intermedium is the 
tarsal foramen. 

The great difference between the Microsaurian tarsus and that 
of the Temnospondylous types i.s that in the former all the 
central elements have disappeared or become generally reduceil 
ami cai'tilaginous. 

In the oarliost undoubted reptiles known — the ( 'Otylosauria — 
the tarsus has only been presented for us in a very few forms. 

In Linmoscelis paladis Williston (text-fig. 4), though the tarsus 
is not perfectly preserve 1 and was probably largely cartilaginous, 
we have tlietvvo principal elements preserved in position. Willis- 
ton identifies them as the fibulare and the united tibiale ami 
intermedium, but it seems much more probalile that they are 
the fibulare and the intermedium, and that the tibiale is either 
lost or was cartilaginous, and this latter view is admitted by 
Williston as not im})ossible. 

Another very primitive type of which we know the tarsus is 
?]osaaravm copei Williston (texfc-(ig. 1}), from the Middle Penn- 
sylv^anian of North America, UiifortuiiaUdy, the head of this 
animal is unknown, and weave thus in doubt wliether or not it is a 
(Jotylosaur. The tarsus has the elemenls preserved in only slightly 
ilisiurbed relations. There are two large proximal elements, which 
a comparison with other early ty j)es leads us to consider as tiio 
fibulare and intermedium. Tliere arc five (listal tarsals, and a 
small element on the tibial .side of the tarsus which is 
piobably the reduced tibiale. The metatarsals are somewhat 
dis{)laced, and it is not improbable that the disf.al tarsals and 
the tibiale are also a little displaced. 

Ill Seymouria hayloreusiti Broili (text-fig. 6) the nearly perfect 
tfirsus has been discovered by Williston. It consists of tw(» large 
proximal elements and a third small one, and apjiavontly five distal 
tarsals. Tlie two large tarsals are regarded by Williston as tlie 
fibulare and tibiale, and the small proximal element the centmle, 

I interpret them as in Sciucosaiirm — the fibulare, intermedium, 
and tibiale. 

The only other Cotylosaur in which the tarsus is satisfactorily 
known is Procolophon trigonlcepH Owen (text-fig. 7), and though 
Procolophon in having a roofed temporal n^gion is usually placed 
with the Ootylosanrs, yet, being a late Triassio fo:m, it has 
adv^anced in many respects so far from the Cotylosaurs of the 
Permian of North America that it ought, {>erhaps, really to be 
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placed in a distinct order — the Procolophonia. The tarsus is known 
with the elements in undisturbed position. There are two ossified 
pi’oximal elements and four distal taimlin. The two proximal 
elements have a pnssuge between them, nml are manifestly the 
homologues of the large elements in Scincosaurna and thus the 
fibulare and intermedium. There has possibly been a cartila- 
ginous tibiale, which is not preserved, as it seems necessary to 
have an element to tlu^ tihial side of the intennedium to suppoi-t 
the first tarsale. (loodrich’s figure of the Procolophon tarsus, 
which is taken from Watsons mticli-reduced I’estoration, gives 
rathei a misleading idea of the structure. In Procolophon the 
I'adiale in tlu^ carpus has evi<lently heen cartilaginous, and it is 
thus not at all remarkable that the corresponding tibiale in the 
tai'sus should also remain cartilaginous. 

When we follow the line of mammalian descent through the 
American Pcdycosanrs ami allieil forms and through the South 
Afi’iwin Thera {)sids, we have as many well-preserved tarsi as w»e 
require. 


Text-figure 15. Text-figure 6. I'ext-figure 7. 



Tt*\t-iiar. 5, tursus* an<i luftntiirsus of If^osavravvf ropei Willistun*. After 

Willistoii. Tlie tar^aK me e\i»lei»tl> MViuewhat The Inri^e 

element between tbe inteiinedimn amt the tb>t inetHtai>al is ])robably 
the <livj»lawl tilnule. Tbe smaller element lying: pro\iinally to it is prolmbly 
thefir^^t tarsal. Tlie Imprest distal tai>al is prolaibly the fonith tarsal. 

Text-tip. 6 — Kipht tarsuh and metatarsus of Sepmouria baphrensis Broili f. After 
Williston. 

The third and fourth (mvuba are lost. 

Text-fip. 7. --Kipht tarsus ami metatarsus of Provolophon irigonieeps Owen J. 
From a spwimen in the Albanv Museum. The elements aiv pvi*8er\ed in 
almost undi«»turi>('d relations. Then* was most jirohably a small enrtihipinous 
tibnile in the position imlicatod by the letter “t.’' 

* A primitive Keptile of unknown utSiiity. 

t A primitive ('ot.'ilosauriiui n^ptile. 

X A late Tppev Triassie Cotylosauriuii wptile 

The most primitive type we know is Ophiacodon mhns Marsh 
(text-fig. B). Mere there are two large proximal elements, mani- 
festly those which become the calcaneum and astragalus 6f the 
mammal, with five distal tarsals and two siAall elements ly ing di.stal 
to the astragalus. The calcaneum and aati’agalus are manifestly 
again the two elements which in lower types we have identified as 
iibulare and intermedium ; and the five distid tarsals present no 

10 ^ 
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diiiiculties. The two elements in the centre of the tarsus, 
however, may readily give rise to difference of opinion. By 
Williston, Orse, and others who liave written on the type tlmy 
are regarded as first and second centralia. The inner of the two 
is the element which becomes the mammalian navicular. The 
outer one is an elemetit which fiecomes early lost, and is only 
known in a very few Permian forms. 

If we identify, as I think we must do, t))e astragalus with 
the intermedium, we must either regard thetibiale as lost, or find 
it is the inner of the two supposed centnd elements. Tliis inner 
element supports the first tarsal, and though it appears to have 
slipped away from the tibial articulation, it is still not far 
removed from the tibia. If we are right in identifying the inner 
proximal elements in Sciucosaunin and Sei/moiiria as the tibiale, 



8. — Uijrht tirsiH mid nifitaUirsns of Ophutcodon minm Mursli 
After Williston. Sli^^litly mcKlified. 

Text -fig. 9. — llifflit tarsus mid mctatursus of Caxea hroilii Williston f. 

Aftor Williston. 

* All early Tlieroiiiorpli. 
t An aberrant 'ilieiouiorpli, 

then there is good reason to believe tlmt the navicular of the 
Pelycosaurs, the Theiupsids, and the Mammals is also the 
tibiale which by the lengthening aud narrowing of the tarsus 
ba.s become slightly altered in position. In the Ootylosanrs the 
distal tarsals are nearly twice as wide as the fibulare and the 
intermedium. In the more active Pelycosaurs the tarsus has 
become so narrowed that the distal tarsals together measure often 
less and rarely much more than the width of the 1\vo large 
proximal element. If the tibiale is to la? retained at all it can 
only be by l)ecoming wedged in between the intermedium and the 
first and second tarsalia. This, 1 believe, is what has happened ; 
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and it is remarkable, as 1 hope to show presently, that a similar 
shifting of the tibiale is also seen in Bauropsida, and perhaps 
it has arisen independently in this group. 

In Cmm broilii Williston (text-fig. 9) the small central element 
has disappeared, and we thus have a tarsus that, except for 
retaining the fifth tarsalo, is essentially mammalian in structure. 

In Varanops hreviroatris (Williston) (text- fig. 10) the tarsus is 
like tluit of Casm and Ophiacodojiy except that not only has the 
centrale disappeared, but the tibiale is evidently cartilaginous. 

In the Theiapsids tlie taiifius is almost typically mammalian 
in structure, 'there is never a centrale, and the tibiale is always 
placed, Jis is the navicular in the mammal, between the inter- 
medium ami the first and second tarsals. 

In Anomodonts the tibiale is fi*equently cartilaginous either 
wholly or in pari. Many years ago 1 figured the tarsus in a 
small form which I referred to Udenodon gracilis Broom. Shortly 
afterwards I found that the skeleton belonged to the same animal 


'JW’t-figure 10. 


Text-figure 11,* Text-figure 12. 



'IVxt-rtjf. 10 >nul inetntiirKtis of Jltranoiix hrecifostris (Williston). 

A priniilivo Pi'b'roHiiuroid roptilo, Aftor Williston. 

IVxt-lig. 11 . Ilifflit tarsus and iiK*tatari»iis of Emifdopsis frigonit'ept (Ikooinl, u sinnll 
Anoiiiodont roptilc. Tlio drawing i.s mainly troin tlio specimen in the Aliiany 
Museum, hut partly rp.stor(*d from other sp('eimeiis. The condition <»f the 
tibiale varies gr«vtly in Anomodonts. in some it is completely cartilaginous, 
in others well ossifitHl. It probably affords part of the articulation for the 
tiliia. 

Text-tig. 12. — Right tarsus and metatarsus of Oalechirwt achoUzi Bi-oom, a small 
ilromujtaurian reptile. The elements are figured as found, but the inter- 
medium is evidently slightly rotated. 


as the sl<ull which 1 had called Otulenodon trigoniceps Broom. 
We now know that this small Anomodout has a few small molars, 
and must be placed in a new genus, Ewydopsm 1 give a new figure 
of the tarsus (text-fig. 11). The interesting j^oint about it is 
that the tibia probably articulates with the tibiale. In another 
small Anomodout tarsus I have belonging to an undescribed 
species, the tibia also appeared to articulate with the tibiale. 

In the more mammal-like 'forms — the Gorgonopsians and the 
Oynodonts — the tibia and fibula articulate only with the inter- 
medium and the hbulare. 
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The most primitive known tarsus of the Uzai-d-like group is 
that of Broomla perphxay^ Pitmn, Though tlie top of the skull of 
this animal is unknown, nhnohi all the rest of the structure is 
known, and fortunately the tarsus is almost perfectly pi'eserved. 
As in the large majority of early reptiles, there are two large 
proximal elements. There are live distal tarsals and two other 
small elements. Tlie two proximal elements have the usual 
foramen between them, and are doubtless the libulare and inter- 
medium. The two small elements are regardcMl by AV^itsoii as 
the first and second centralia. J regard the inner one as the 
imperfectly ossilie<l tibiale. The disbil end of the tibia ns found 
is in a- position to articulate with what 1 regard as the cartila- 
ginous position of the tibiale. Watson, in bis vestoration, shifts 
the tibia to make it articulate with the interinetliiim, which he 
regards as the fused intermedium and tibiale. If we articulate 
the tibia as Watson lias done, the three first digits seem 
practically without any proximal support — a condition which 

Text-figure 13. 


Text-fig. 13. — Right tarsus and iiiutatarsus of Paltfohatft't'ia hmificauiUxtn Oivdner. 
A priiniti\e Penniaii ivjaile of douhtiul nliinity, ifegnrded hy Williston, 
Watson, and others as a Theropsidan : by the nliT and othi is as an rarly 
Sauropsidan. After .Jaebel. 

A cartilaginous tibiale was probably present. 

Text-fig. 14. — Right tarsus and metatarsus of Mixomurtta nordenaljohii llulkc. 
A Tnassic lebtbyosaur. After Wiinaii. 

Text-fig. 16. — Right tarsus and metatarsus of SfereosUrnum tumidum (’ope. 
A Lower Pennian Mesosauriun. After M’Gregor. 

seems very improbable. The second small element is doubtless, as 
Watson holds, a centrale. I give a figure of the tarsus as found, 
a.s restored hy Watson, and as 1 am inclined to restore it (text- 
figs. 16-18). 

Tliere is another f/riniitive reptile which one wishes one knew 
more about. I refer to PalmohaiUria lovyicavdata Oredner. 
Though first desenbed over thirty years ago, and apparently 
known by very satisfactory and nearly complete skeletons, we are 
still in much doubt about the animal and its iiflinities. For many 
years it was believed by every one to be a primitive two-arched 



Text-figure 14. Text-figure 15. 




8TftUC5TURE OF THE RBrTiLIAN TABSUS. 


151 


reptile allied to Sphenodoii, But ii few years ago Williston came 
to the conclusion that it was a Pelycosaur or a near ally, and 
Watson holds a similar opinion, stating that ‘‘ it now seems almost 
certain that Palmohatteria is really a Tljorapsid/’ It is difficult 
for one who has no chance of seeing the actual types to know 
whicli authorities he ought to follow, and though the tendency is 
always to follow the latest, T personally do not feel at all satislied 
that Williston and Watson are right in this matter. The skull 
as restoi'ed by Jaekel— and his restoration seems to me the best 
we have yet had is very unlike that of any Pelycosaur or 
Therapsid : the shoulder-girdle is entirely unlike ami the pelvis 
is only a little like. The humerus also has only a veiy slight 
resemblance to that of a Pelycosaur or ^J'henipsid. Fortunately 
the t*jirsus is fairly well preserveil, and, as figured by Jaekel, has 
two large proximal elements, which he considers, as also ] do, to 
be the lihulare and intermedium (text-fig. 13). The only other 
ossified chMueiits are the five distal tarstils. Possibly there has 
been a carl i la gin ions tibiale. If so, the only difference between 

Text-figure 1(3. Text-figure 17. Text-figure 18. 




T('\t'tijr 1C —Tlio (aiMih aiiC inHataiMi’* of Hroontiti perphA'u Watson. 
A priiiiitivo Pt iiiiian Saurojfsidr.ii. Tbo mnaiii" ns Iduiui. Left icverstil. 
After Watson. 

Text-li|r. 17.-— The Urwuh and undatirsus of Tirooinia as restored hy Watson. 
Text -fig. IS. — Tlw tarsus and inetHtaiMis of Brootuia as restored hy the writer. 


the tai*sus of PaUwhatteria and that of Jiroomia would be that 
the former had lost the small centrttle. 

On the evidence of the pui)li.shed figiu’es of PalfHohaiteria I am 
inclined to regard it is a primitive Ifiapsid reptile, a little more 
advanced than Broovtia and a, little more primitive than Younglna. 

Ymmgma is the only known Permian Diapsid in whicli the 
ttirsus is fully ossified and almost perfectly preserved (text- 
figs. 19 & 20). In this tarsus there are tw'o large proximal 
elements -the fihulare and.interniediinn with the tarsal foramen 
between them, five distal tarsalia, and a large element situated 
between the intermedium and the first, second, and third tarsalia, 
which I believe to be the tibiale. 

The fibulare is a flat bone which has a very distinct heel 
process. The intermedium is very large and wdth a large 


152 


BK. a. BaOOM ON THE 


aiticiilar surface for the tibia. It articulates with the fibulare, 
the tibiale, and the fourtli tosal. The tibiale is relatively small, 
and is wedded in between the intermedium and the first, second, 
and third tarsalia. Though the tibia does not articulate with 
it in most positions of the foot, it seems probable that it does 
when the froiit is turned inwaid, as is manifestly possible. The 
three first distal tarsals are all small but well ossified. The 
fourth is veiy large; its relations will b(^ seen in the figure 
given. The fifth tarsfil is moderately large and flat ; it 
articulates with the femrth birsal hy a suture which allows very 
little inoveinent between the two. 

Text-figure 19. Text-figure 20. 




Text-fij?. 19. — tiirMiH uiul iiietalarsiif* of Vorntphut rapataiithvoom *, at* pn'- 
Thf f<K>t huh tiu* plantar »iirfncr (tisplajod, and the nictatarsals 
are somewliat distorted. Twice iiat. size. 

Text-lijr. 20. — Right Uirsus and metatarsus of Youuffina rapemia hroom, viewed 
from the doisal side, with tlie metatarsus restfired in fiositioii. Tlie 
tibiale, first, w'oond, third, and fourth tarsals of th»‘ right side are pre- 
servisl in position, and have their dorsal ’isjaTts display^!. The tihulare 
and part of the intermedium of the left side have had their dorsal surfaces 
exposes I and are added to the drawing reverseil. 

♦ A Permian two-arched reptile of the order Kosuchiu. 

The metnfcursals are long, slender, and moderately straight 
Ijones. Tlie fifth inetatarwil, which we should have ex[)ected to 
1)0 of the Sphenodon hooked type in this undoubted two-arche<i 
reptile, is a long slender bone, nearly ns long as the fourth meta- 
taiml, and it shows no trace of the i)ecuHar booking. The upper 
end ig expanded, and the outer process probably was attached to 
the fibulai'e by a ligament. 

The remarkable points in the foot of Yotingina are this 
primitive generalized fifth metatarsal, and the fact that the tarsus 
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is almost typically Therapsid or even luammnl-like. A few years 
ago I figured a well-|;>resei*ved tarsus under the name Oalesphifi'vs 
capetms^ believing it to be a Droiuasaurian. The few points in 
which it djfi*ers from tlie Dromasiiurians are points in which it 
agrees with Youiigina^ so that it is much more likely that it 
is ail Eosiichian, 

Another very interesting tarsus is that of the 8outii African 
Upper Triassic Rhynchosaurian, Howesia hrowni (text-fig. 21). 
The tsirsus is almost perfectly preserved though doubled over, and 
the restoration I give is jirobably nearly correct. There is a 
large fibulare wdth a heel process, a large intennedium, and a 
smaller tibialc. 1'here are f<»ur distals, and the fiftli metatarsal 
has the Spfiemdon-Mke s|>ecialization. 

The tai-sus of the adult Spkenoflon is well known, and Howes 
and iSwiunerton have given us something of the embryonic 


Text-figure 21. Text-figure 22. Text-figure 23. 



21. - llivflit tarhus aiul mi*tntHrsu8 of liow^sia browni Hrooiii : a Triassic 
HiiynrliostturinTi. 


Tevt-fijf. ‘22.- Kijrht taisun aiul of an cnihr>oof fiphmothm pnncfatus 

dray. ThtM*mkr\o ih of Demi's .stape H. ORsificatnm ha*' coinmcnccKl in 
the inotiitarsab. Though tin* prorinial tar'tal cartiIa$rinous mass shows no 
clear evidence of its nature at this sta^e, earlier embryos show that it is 
composed of three elements, and I think only three. 

Test-hfc* — Hight tai>ii« and uietatarsus of an eml)r.\o of Tvstitdo sp. The 

einliryo is of the «tagf* where chondrifie-ation is well advanced, but wliere 
ossi6(»ition has si^rcely begun. The verj marked diflference lictween thi" 
tarsus and that of the ^phenod^n embryo is of interest. 

condition. Only those who have studied developing cartilage 
and pnx'artilage know the difficulties of this mode of research. 
At times we get remarkable results, hut too often they are 
inconclusive. I give a figure (text-fig. 22) of the tarsus in a 
young embryo of Sphenodon^ which I wiisable to examine thi*ough 
the kindness of Prof. Dendy. Though ossification of the meta- 
hirsals is just commencing at this stage, there is no clear evidence 
of the composite nature of the large proximal element. Howes 
and Swinnerton showed that there was evidence at an earlier stage 
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of its being made up of a fibulare, an intermedium, a tibiale, and 
a centrale. I think it more probable that there are only in it the 
fibulare, intermedium, and tibiale. The evidence for a centrale 
is not at all satisfactory. If, however, it is really the conjoined 
fibulare, intermedium, and tibiale, then the whole tarsus becomes 
strikingly similar to that of Jlowesia. 

T give a figure of tlie tarsus of a very young embryo of 
Tesiudo sp. (text-lig. 23). Here there are only seen two 
proximal elements and four distal tarsals. There is no evitlence of 
the larger proximal elements being more than a single element, 
and I am inclined to reganl it as interniediiim alone. Other 
Ohelonians are known to have sin additionsil ehmient between the 
larger proximal element and the first and scHJond tarsals. 


Text-figure 24. Text-figure 25. 



Text-fig. 24. — Right tan#U!>. and nietatarhiiK of J*It'Stosnuru» ruffosus. Aftc'r Owen, 

Tevt-fig. 26. — Right tarsus and utetotarsus of Petonemte* ^^hiiarchns Seeley. 

After Andrews. 

Goodrich considers this to be the centrale. 1 legard it as the 
much reduced and displaced tibiale. 'I'be fifth metatarsal is 
shortened up. 

In most of the later Diapsidans we fiml a tarsus whi<‘h is 
either of the Spheuodon type or a uKalification of it. 

In the aquatic reptiles we find many interesting types. 
Ichthi/osauriis is too specialized to be of much morjdiological 
interest, but the Triassic foim, Mixoeaupvs, sbow^s us liow tlm 
Ichthyosaurian paddle has originated. I believe the tarsus to 
1)6 made up of fibulare and intermedium with the five distal 
tarsals, and to be thus almost identical wdth tl)e tarsus of 
MeBomaruB or StereoBtemum^ which there is some reason to 
consider as perhaps its nearest allies. 
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The Plesiosaurian tarsus (text-figs. 24, 25) presents little 
difficulty. The fibulare and iiiterincdiuni are well ossified, but 
ill the earlier forms the tiViiale is often partly or wliolly cartila- 
ginous. In later types the tibiale is well developed. Theie are 
only three distals, which 1 believe to he first, third, and fourth. 
The fifth metatarsal is shortened up as in Chelonians. 

The Pythonomorpha show a most interesting type of tarsus. 
In Mosasauras (text-tig. 26) theie aie only throe tarsal elements, 
which are manifestly the fihulare, the intermedium, and Ihe 
fourth <listal tarsal. In PUitecarpus (text-fig. 27) theiv are four 
tarsal elements— t.lie fihulare, interiiiediuin, and the thinl and 
fourth distal tarsals. In both types theie is a specitilized fifth 
metatarsal. 


Text-figure 26. Text-figure 27. 



Text tig. 20.— Right tarsus and mctatarsu** of Mosataurus hmounieri Hollo. 
A EuroiK’HU Pytlionoinorpli. After l>ollo. 


T(*\l-fig. 27. — Higlit tarsus and metatarsus of VlaUrorptis abrupt ifs Marsh. 

An American Pythonomorpli. After Williston. 

Ill the reptilian and amphibian tarsus the mcMst remarkable 
features arc the almost constant pre.senoe of the fibulare and the 
intermedium, and the great variability of the tibiale. Rarely is 
the tibiale a. largo element: very fre(|uently it remains entirely 
or partly cartilaginous. In many types it is completely absent. 
In the mammal-like reptiles and in the primitive Diajisidaiis it is 
wedged in between the intermedium and the first and second 
tarsal ia. 

The central elements, of which there are four in some 
amphibians, ai*e early greatly reduced and lost. The only one 
which for a time remains in early reptiles ia apparently the 
homologue of the proximal centrale in Tremaiof)s. In only a few’ 
Permian forms is it still present, and in noTriassic or later reptile 
is there any trace of it. 
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7. A Contribution to the Anatomy of the Three- toed Sloth 
(Bmdypm indactyhis). By Chah. F. Sonntag, M.D., 
F.Z.S., Anatomist to the Society. 

[Received Noveniber 10, 1920 ; Read February 8, 1921.1 
(Plates l.~IV. & Text figures 10-15.) 

I'he observations recorded here were made on the body of n 
female lhadypus tridaciylm which died a few hours after admis- 
sion to the Society’s Cardens. It was deposited, .so 1 was unable 
to make a complete diHs(’ction, and my investigations were, in 
consfH|uenee, limited t<» the mouth, tongue, and organs of the 
thoi ax and abdomen. Some of the conditions observed have not 
been recuirdod hcdore, and others differ from those which have 
already btKui d<‘scribed. I'he oi*gnns were compared with 
those of B. tjularis or ciicidliyei\ which are preserve*! in the 
Museum of the Royal College of Siirgeons. 

The Mouth. 

7Vac Ventihitle, 

The form and communications of the vestibule depend on the 
shaj^e of the maxilla^ and the size and distribution of the teeth. 
When the skull is examined it is seen that the premaxillfle are 
e*lentidous, so there is a gap in fiont la^tweeri the fust pair of 
teeiii in the upper jaw' (I^late I. C), a.n*l there is a similar gap in 
the lower jaw. Oousefjuently, when the lips aie everted, one can 
see the tip of tlie tongue. In PholapuSy on the other hand, the 
pnirninent rostrum, or heak, of the louver jaw diminishes the gap 
in the centre. 

The mucous imunbrane does not form a vestibular pocket in 
front, a-s in most ina,inmal.s, for it passes direct from the margins 
of the jaws to the free edge of the lips. Consequently, the 
vestihulo in front has no wider area than the orifice of the lips 
(Plate 1. A ). 

The first pair of upjier ttndh are small, ami the second pair are 
large and project laterally (Plate 1. C). Ifetween the mid-line 
in front and the sei’ond pair of teeth the upper jaw expands, hut 
it narrows l)6himl them, ami, as the clmeks are not closely ap[die<l 
to the sides of the jaw, the vestibule is patulous and increases in 
width from l>'fore backwards (Plate J. H, ?»). Jn the ca.se of the 
lower jaw, howevt‘r, the cheeks are closely apposed against tlie # 
gum and the vestibule is redureil to a mere .slit. 

Posteriorly the coinniuiiications between the ve.stihule and 
mouth -cjivity behind the last pairs of teeth in both jaws are 
exceedingly small. 

In Ohol4epft8 the vestibule and mouth'-caAity communicate 
through the gaps between the first and second pairs of teeth in 
both jaws (Plate 1. D). 
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The Hard Palate (Plate I. B). 

The hard palate is 2*7 cui. long, *8 cm. wide between the first 
pair of teeth, I cm. wide between the second pair of teeth, and 
•7 cm, wide between tlie last pair, so it first expands and then 
contracts. It is encircleil just internal to the teetii by a series of 
palatal tubercles which, however, have no couriterpfu*ts on tlie 
dorsum of the tongue. On each half of the palaie there are 
seven of these — one opposite each tooth, one anterior to the first 
tooth, and one at the side of the mid -line : the first and second 
are borne by the premaxillae. The tubercles increase in size from 
Ijefore backwards, and the fifth pair is the Ijiige.st. 

The palate lias the same chocolate colour as the labial margins. 
Running along the mid-line is a white streak which sends out 
branches to end on the mesial sides of tlie tubercles. In the 
posterior part this streak overlies the crest shown in Plate I. C. 

When the mucosa is removed from the su))jacent bone, it is 
seen that the palatal tubercles do not cover Ixiny eminences, and 
the bone differs greatly from that of ChoUepm (Plate J. J)). 

In IL tridaotylm there is a strong median crest on the posterior 
half, and there is a gutter on each side of that ridge. Anteriorly 
each gutter is converted into a tunnel by a fcnestmted bridge of 
bone ; the tunnel on the right side reopens on U) the free 
surface, but the left one <loes not. Both gutters, however, com- 
municate posteriorly witli tlie nasal fossap. 

In the mid-line in front there is a groove wliich widens from 
behind forwards, but, ks the preniaxillie vvci*e lost in the pre- 
paration of the skull, T am unable to give a complete ilesoription 
of it. 

The hone is much ])eiforated by small foramina. Some of 
these open into tlie afore-mentioiu*d tunnels ami the others into 
the nasal cavity. 

No sutures are present outlining the various elements com- 
prising the bony palate as in ChoUrpus. 

The bony palate of Chohrpiis differs in many v\%ays from that 
of Bradypus, Jt is much larger and its constituent bones are 
clearly outlined by sutures. There is no gutter nor ridge on the 
posterior part, but ma.ny foramina of different sizes are present. 
Of these, there is a large pair on the palate hones lying posterior 
to the fifth pair of teeth, and a large pair on the maxillse 
in front. The forrnei-, probably, correspond to the gutters of 
Bradypus, 

The Soft Palate, 

The soft palate, which measures 1*2 cm. from before back- 
wards. is pink in colour. It is attached to the posterior extre- 
mity of the hard palate in front, and to the prominent pterygoid 
plates laterally. No haimilar pterygoid processes are palpable 
through it, but the convex free borders of the plates can easily be 
felt. Its posterior edge is concave backwards, and its oral surface 
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bears a small tubercle in the mid-line at a distance of 1 mm. 
from the free edge (Plate I. B). Thei*e is, however, no uvula, us 
was pointed out by Rapp (10). 

The Teeth. 

The teeth have been fully described in their structural and 
developmental aspects by Rapp (10), fcJcmion (11), and others, and 
I have nothing to add to Uieir accounts. 

The Tongtte (textdig. 10). 

Rapp (10) has given some scanty details of the tongue, so a 
detailed description is re(juired. 

My fresii specimen has t\\ki ioWo^m^ meamrements \ — Length 
from the apex to the epiglottis, 3*85 cm. ; length of the oral part, 
2*89 cm. ; length of the pharyngeal part, *96 cm. ; greatest width 
(/. e, between the lingual altachmeuts of tlie anterior faucial 
pillars), 1*7 cm.: wi<lth of the apex, 1 cm.; thickness in the 
vallate papillary region, 1*25 cm.; thickness at a point 1*4 cm. 
posterior to the apex, 1 1 cm,; thickness *)f the a})ex, *4 cm. 

1'he tongue is, therefore, short, narrow, and tliick. Its width 
first decreases rapidly, hut later maintains a constant dimension 
to the apex. The thickness remains almost uniform, on the 
other hand, in the posterior two-thirds and then rapidly deci euses 
towards t he apex. 

The apex has a fine mesial notch, and is coverefl with small 
conical and large fiat fungiform papilUe. There is a faint mesial 
salens which, however, is irregular, and tlio lens shows how it is 
re})la.ced in parts hy fungiform j)apilla* ; the latter are, however, 
invisihlo to tlu* naked eye. I'he lateral borders are massive, an(l 
liav'e a single row of large fungiform papilla* ; they also possess 
vei't.ical rows of conical papilla; with back\vardly-directe<l points. 
No lateral onjans are [uvsent, as ^hown hy (Jinelin (13). 

'the two cirruinrallatr pajnllce lie side hy side, anil both are 
circular a,nd jmlished. When the tongue is fresh tlmir free sur- 
faces are flush with the surface of the tongin*. When, however, 
it is placed in preserving fluid the papilla; are retracted within 
their fossae thus demonstrating an action similar to what occurs 
in Moiiotremes and some Marsupials. The valiums are promi- 
nent, granular, and suiTouinled by conical papilla*. Mayer (14) 
saw three papilla*. 

The fanyiform pa 2 nll<m are large, flat, and not numerous. They 
luive the usual arrangement in clusters and rows of varying 
degrees of obliipiity which characterises the Mamnialian tongue. 
They exteml from the .apex hack beyond the vallate papilla*, but 
they stop sliort of the zone of lymphoid tissue on the base. They 
form a single row on the lateral borders of the tongue, but the 
papill® of the row are discrete. 

The conical papillm are all filiform and possess one or more 
points ; those in the mid-lino liave their points directed back- 
wards, but tliose at the sides look backwards and inwai*d6. They 
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increase in size from before backwards an<l from without inwards, 
and they are discrete, so there is no overlapping. They extend 
beyond the vallate papilla^, and there is a sharp line of demar- 
cation between them ami the lymphoid tissue at the base. 

On the base of the tongue there are many lymphoid nodules^ 
some of which have central apertures, and there is a line, convex 
backwards, separating the papillary and lymphoid areas. 


Text-figure 10. 




Tho longne. A; infmor mirfacp. H.-dorsuin. 0: lateral view. 

No lytta is present as Rapp showed ( 10 ). 

The inferior mrface has a narrow papillary border. There is a 
fine mesial notch, but no mesial ridge, sulcus, nor frenum. The 
sui’face is marked by fine liorizontal ridges, but there are no 
plicsB fimbriata^. The papillary border forms thick masses at 
either aide of the apex. 

The tongue, according to Rapp, is mechanical rather than 
gustatory in function. 
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The Stomach. 

The extenml appearances have been described by Cuvier (3), 
Meckel (7), Cams (2), Otto, BoulaH, and Pilliet (9), and tlie 
internal appearances of the stomach of B, aictdliger have been 
described by Eapp (10) and Klinckowstrom (6). Many details 
can be added, however, to their accounts. Moreover, the internal 
appearances and the relative positions of the various compart* 
ments are different in B. i/ridcLctyluB and B, ctuyMiger or gularia. 

The stomach hsd in my specimen is unusual, for the position of 
the pancreas is peculiar ; that organ is contained within the 
duodenal loop and none of it lies dorsal to the stomach. Again, 
the stomach bed does not contain the spleen, for the latter, in 
Sloths, lies on the right side of the pylorus. The kidneys lie far 
l>ack in the abdomen, and the suprarenal capsules are separated 
from them, but lie in the normal ^xisition. Consequently, the 
fulrenal bodies are dorsal relations of the stomach, but the 
kidneys are posterior. In my specimen the stomach has the 
following relations : — 

Anterior — Oliver and diaphragm. 

Posterwr — intestines and kidneys. 

Ventral — ventral abdominal wall. 

Dorsal — vertebral column, main blood-vessels, suprarenal cap- 
sules, root of the mesentery. 

To the left — abdominal parietes. 

To the right — spleen, pancreas, duodenum. 

These peculiar arrangements make the disposition of the 
peritoneum, which is described below, noteworthy. 

In my specimen the gravid iiterus touched the greater 
curvature. 

Divisions of ths Stomach , — I agree with Klinckowstrdm’s 
division of the stomach into three groups of compartments ; — 

1. The Paunch, or Fundus Stomach, with its csecfil appendage 
(Plate II. A, c and B, i.i.i.). 

2. The Cardiac Stomach with three divisions (Plate II. A, d 
and II. B, d, c,d, 2), 

.3. The Pyloric Region composed of two parts — glandular and 
muscular (Plate IT. B 3). 

In B, tridmiylus the main divisions, and most of the sub- 
<livisions, can l)e distinguished on the surface. The paunch is 
marked off from the cardiac stomach by a notch on the left part 
of the greater curvature (Plate II, A, a) and a faint ridge running 
from the notch to the base of the csBcal appendage. This ridge 
marks the anterior limit of a number of fissures running.forward 
•from the gpreater curvature, but these are not so deep as in 
B, cfumlUger, The cardiac stomach is easil}'^ marked out froni the 
pylorus ; it is carious and has thin walls, but the pylorus is a 
thick, muscular, U-shaped tube. 

Pboo. Zool. Soc. — 1921, No. XI. 
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The relative positions of these divisions are different in 
B, tridactylus and B, cumlliger. The reader is referred to the 
works of Rapp ( 10 ), Klinckowstrom ( 8 ), and Oppel for descsrip- 
tions of the latter. Klinckowstrdm’s paper is the best, for it is 
profusely illustrated. Moreover, there is aii excellent specimen 
of the stomach of B, gularis in the Museum of the Royal College 
o{ Surgeons. Klinckowstrom described the histology. 

When the stomach of B. tridactylm is examined from the 
ventral aspect (Plate II. A), one sees the paunch (Plate II, A, c) 
posterior and to the left; the cardiac stomach (Plate II. A, d) 
anterior and to the right ; and the venti*al part of the pylorus 
(Plate II. A, h) lying most to the right. The entire pylorus is 
not visilde on the ventral suiface as in B. cumlliger. When the 
stomach is viewed from the right, one sees the U-'Shaped pylorus 
consisting of dorsal and ventral limbs, and a posteriorly-placed 
bend (text-fig. 14 A, py). The dorsal limb emerges from the 
cardiac stomach, and the ventral limb communimteH with the 
duodenum. In B, cucuUiger the limbs are anterior and posterior 
with the bend to the left. When the stomach is viewed from 
the doi>al aspect, one sees the paunch posterior, the cardiac 
stomach anterior, and the dorsal limb of the pylorus to the right. 
The U-shaped pylorus is seen in Plate II. B 3. 

The simple, conical, ciecal appendage of B, tridactylus is longer 
and more slender than in B, mmlliger. Its position may vaiy, 
but in my specimen it first passed from the posterior and right 
part of the paunch to the right. It was then recurved on itself, 
and its apex rested on the citrdiac stomach. It is also more 
slender than in Chohejms, 

No author lias described the peritoneal sheet connecting the 
ciecal appendage to the paunch (Plate II. A, b). This is triangular, 
and fills up the s^mce between them. Its apex lies along the 
anterior border of the appendage, and there is a sharp free 
border looking forwards and to the right. The right ga.stric 
vessels run between its layers as they separate to sinTound the 
appendage (Plate II. A, j). 

The riglit gastric artery reaches the ventral surface of the 
stomach to the right of the oesophagus and passes posteriorly and 
to the right. It emls about the middle of the caecal appendage. 
It is accompanied by the right gastric vein, and all the gastric 
lymphatic glands lie alongside it. 

Rapp ( 10 ) and Klinckowstrom ( 8 ) have descrilKid the internal 
structure of the stomach of B, cucullige^', and that of B, trkl/obc- 
tylus agrees with it in most points. Their accounts, however, 
Can be amplified in several ways. Speaking generally, the cardiac 
stomacli has a mechanical function, the paunch and appendage 
are secretory, and the pylorus has both properties. 

The division between the paunch and canliac stomach is 
marked by a strong, thick ridge (Plate II. B, a) and a second 
ridge into which the point of the pin is insei'ted,coi responding to 
the white line seen externally on the ventral surface. It marks 
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the transition between the rugose smooth mucosa of the paunch 
and the hard mucosa of the cardiac stomach. 

The three divieione of the cardiac stomach are sepaiuted by 
partitions, ajid the septum between tJie two ventiul compart- 
ments runs for some distance along the inner surface of the 
paunch (Plate II. B, pin). Microscopic sections of this septum 
(Folate IV. B) show the tmnsition between the stratified ejuthelium 
of the cardiac stornacFi and the glandular lining of the paunch. 
The 'Septum between tlie dorsal and left ventral compartments 
(Plate II. B, c) is small and strong. The former septum is absent 
in Cholmpus, The epithelial transition is similar to the junction 
of the (esophagus and a simple stomach. 

The inner mirfa^e of the paunch is beset with rugae whose 
characters differ on the two sides, of the septum running back 
from the cardiac stomach. On the left side they run in all 
directions and are mostly small ; on the right side they are 
mostly large, and pockets are enclosed between them and the 
gastric wall. One verylai'ge septum bisects the csecal appendage; 
in Plate II. B one of the halves is laid open, and a glass rod 
pn.sRes down through the other one. Between the rugap, which 
are soft and flabby, the mucosa has innumerable small glandular 
pits. 

On the right side there are several small, firm ridges passing 
to the large ridge between the paunch and cardiac stomach, but 
they are absent on the left side, for the soft mucosa extends right 
forward to that ridge (Plate 11. B, a); and these small ridges are 
seen above d in Plate II. B. 

Tiie interior of the c(md appendiv has been incompletely 
(lescrilied by Ilapf) (10) and Klinckowstrlira (6), and no illiis- 
tnitions are provided by them. Its inner structure is shown in 
Folate II. H, and a cross section is diagram matically represented 
in text-fig. 12, B. It is ridged by many longitudinal folds, but 
these are reduced to six in number in the terminal third. The 
upper two-thirds of the c^rvity is bisected by a large septum, and 
small paHitions atta<die<l to it enclose two pockets on either side. 
I'hese all open towards the paunch, and the arrows in text- 
tig. 12 B pass through the two passages on either side of the 
main septum. 

A prominent muscular ridge (Plate II. B, b) runs from the 
greater curvature into the left ventral coinpai-tment of the 
L'ardhic stomach, and ends on the septum between the latter and 
the dorsal compartment. A second ridge runs from the septum 
between the two ventral compartments to meet the former ridge, 
and Iwtween them is the opening between the dorsal and left 
ventral compartments of the cardiac stomach. 

The (Bsophagus is continued right ijaito the pylorus by a groove 
running through the left ventral and dorsal compartments of the 
stomach. It is shown in Plate III. A, a, and its characters are 
the same as those already described by Eapp and Klinckowsti oin, 

The pyloric region^ which is U-shaped, has dorsal glandular 
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and ventral muscular <Uvisions. Its histological characters have 
been thoroughly described ( 6 ), and I have nothing to add to that 
account. Eunning along the floor is a ridged groove continuous 
witli the groove from the paunch into the cai^iac stomach, end 
Rapp (10) thinks it has a ruminating function. The communi- 
cation between pylorus end duodenum is guarded by a stinng , 
valve (Plate III. C, a), but Rapp states that tliere is no pyloric 
sphincter. 


Text-figure 11. 



A; Interior of the duodonum. &.p., bile papilla; p.jt?., pancreatic papilla; 
papilla of accesttory pancreas. 

B : The spleen with acccssoiy spleen (a) in the pancreas (p). 

C & l>t The pancreas. €.b,d., common bile-duct; p.d., pancreatic duet; m,, mesen- 
tery ; py.| pylorus. Description of other figures in text. 

K : Section across the suprarenal capsules. €,m., medulla within cortfAr. The upper 
is the left, and the lower is the right capsule. 

The stomach is, therefore, very complex and contains divisions 
corresponding to most of those of the Ruminantia, but the 
reticulum of these animals is absent. 
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The Duodenum (text-fig. 11, A). 

1 have nothing to add to those descriptions of the macroscopic 
appearances which have already been published. I must, how- 
ever, record the conditions of the bile and pancreatic ducts 
which differ frqni those mentioned by Francaviglia ( 4 ). The 
pancreatic duct opens into the duodenum 2*9 cm. dis^l to the 
pylorus ; it is situated on a papilla. At a point 1*1 cm. posterior 
to the pancreatic papilla there is a large bile papilla, and 2*7 cm. 
jK)sterior to the latter there is a small papilla for the duct of an 
isolated mass of |>ancreatic tissue. All the papillse lie on trans- 
verse folds of mucosa. 

The entire duodenal mucosa is thrown into circular folds 
which are large at the pyloric end, and small and numerous at 
the jejunal end. 


The Jejunum and Ileum, 

Dr. Chalmers Mitchell ( 8 ) has described the macroscopic 
appearances in B, infmcoitus^ and mentions the presence of u 
largo caecal pouch and a small rudimentary cjecum opposite to it. 
The latter is not present in my specimen, but the remainder of 
the intestine is the same as that described in Dr. MitcheH’s 
paper. There is no ileo-caBcal valve. 

The mucosa exhibits alternating smooth and rugose areas 
(Plate J V. B, A b), and there is a strong development of rugae 
at the posterior end of the ileum. 

The Large Intestine. 

In Plate IV. A, c & D, the entire large intestine is exhibited, 
but the lower end of the ileum is also shown in the former. The 
canal is, therefore, short, and maintains an almost uniform calibre 
till tlie rectum is reached, but the latter gradually expands and 
its walls become progi*Gssively thicker and more muscular. At 
the anus the walls are exceedingly thick and strong. 

The whole of the colon and rectum are bile-stained, especially 
in the posterior part of the latter, and these parts offer a marked 
contrast to the pink ileum and anus. 

The interior of the large intestine presents several interesting 
Hp|>earance8. The colon has many circular folds of varying sizes, 
but the two most posterior ones form complete diaphin-gms. In 
the centre of each of these there is an opening surrounded by 
a sphincteric valve, the anterimr one l^ing the larger. In 
Plate IV. B, D, a spicule of wood is passed through the two 
openings. John Hunter ( 18 ) de8cribe<l three valves in the Two- 
toed Bloth. 

The posterior septum separates oolon and rectum, and the 
appearances of the mucosa differ in these two divisions. In the 
latter it is excavated into a number of pockets which contain 
pellets of faecal matter. These are deepest in the posterior imrt of 
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the rectum where the bile-staining is deepest. It also appears as 
if there had been a strong septum across the rectum, for there is 
a ridge round the wall. 

The anus is surrounded by a tough, strong sphincter, and the 
mucosj\ is thrown into many longitudinal folds. 

l^he structure of the whole alimentary tube must be taken into 
account, in order to understand the physiological significance of 
the conditions in the rectum. The stomacli is complex, as in 
Ruminants, but the intestinal tube is short, so it is nccess^uy 
that there be some arrangement to obtain the maxiimiia 
absorption area in the latter. This is attained by the excavation 
and folding of the mucous membrane of the latter, and the 
sphincteric valvular openings in the sepbi across the colon only 
allow a small amount of material to pass at a time into the rectum. 
The powerful anal sphincter muscle is also rc'quired to ensure 
a sufficiently prolonged stay of the intestinal contents, foi* abisoi'p- 
tion of water (?) may take place slowly i»i the rectum. 

Tlie reticulum of the Ruminants is absent in tlie stomach of 
the Sloth, and the hollows in the rectum resemhle the pockets 
of a reticulum. 


The Pancreas (text-fig. 11, c & d). 

Rapp (10) and others state that the pancreas extemls across the 
abdomen dorsal to the stomach, but in my s})ecimen it is almost 
entirely contained within the duodenal loop ; none of it lies 
dorsal to the stomacdi. It presents features, therefore, which 
resemble those of the Repiilia. 

It is V-shaped and has splenic and <lu(K]enaI limbs {si and dl). 
The former lies between the right border of the ventral limb ol 
the pylorus on the left and the left border of the spleen on the 
right. The latter lies along the left border of the diiodeninii, and 
the angle of the V runs for a short distance anterior and dorsal to 
the duodenal loop. A short distance distal to tlie posterior end 
of the duodenal limb there is a small isolated piece of pancreas (sp). 

The entire organ is surrounded by peritoneum, the splenic limb 
being enveloped by the layers of tlje dorsal sheet of the great 
omentum, and the duodenal limb and isolated mass being included 
between the layers of the common mesentery. 

The splenic limb consists of a cylindrical massive pax^t and 
a lateral lamiha, but the latter is wrapped round the former 
(text-fig. 11, D). Within the massive portion there lies a small 
spherical accessory spleen. The small isolated i)iece of pancreas 
is oval ill shape. 

The pancreatic duct, contained within the gland, runs along 
close to the anterior border, receiving tributary ducts as it goes. 
When it emerges from the end of the duodenal limb it is crossed 
at right angles by the common bile-duct. It opens into the 
duodenum at the summit of a prominent papilla. Francaviglia 
(4), however, saw the duct open along with the common bile-duct. 
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The small isolated piece of pancreas has its separate duct and 
papilla. 

Histology, 

When the pancreaa is examined under the low jx)wer ( x IHO) 
it is seen to possess a loose, open textui^e. The glandular alveoli 
are either isolated or aggregated loosely into groups, and all are 
snpjwrted by delicate connective tissue. The ducts may be in- 
visible when the cells are loaded with granules, hut they appear 
as clear circular central nrejus when the cells are not so loaded. 
Multiniicleated areas of different kinds are seen. 

Under the high power (x48()) the gland*cells are seen to 
contain gianiiles of different sizes and different degrees of cojirse- 
ness, and the bases of the cells are the most granular parts. The 
nuclei are circular, large, and present well-marked gmnules and 
networks ; in some the granules predominate, but in others the 
reticulum is the chief feature. 

The multiniicleated areas differ greatly in appearance, but can 
he ariMuged in three groups : — 

1. Many nuclei and little surrounding protoplasm. 

2. Many nuclei with much protoplasm which stains faintly. 

3. Many nuclei with much protoplasm which stains deeply. 

In all, the nuclei are of varying shapes and sizes. 

The connective tissue may appear as delicate strands round the 
alveoli, or it may form a strong network within the meshes of 
which the alveoli are contained. The ineshwoi’k is also cellular, 
and the nuclei are circular or long and narrow. 

l^iiB Liver. 

I l»avc nothing to add to existing accounts of the macroscopic 
appearances. 

Histology (Plate IV. C). 

Under the low power it is seen how the cells have the usual 
ari’angement in columns, but each cell has golden-yellow pigment 
granules in the centre. There appears, therefoi-e, to be a yellow 
axis running along the centre of the column, for all the cells are 
filled from end to end with the pigment. 

The high power reveals liow a few cells are destitute of pig- 
ment, so pigmented and ii on-pigmented cells aw to be descriliecl. 
The nnpigmenUd cells, which are in the minority, are cubical, 
hexagonal, or pentagonal in shape. Their protoplasm is faintly 
gmnular, and their nuclei are large, round, and granular. The 
pigmented cells cannot have their limits so easily defined, for tlie 
pigment granules are tightly packed and obscure their contiguous 
walls. The granules are coai*se or fine and form a cehtral axis, 
but they never obscure the large, spiierical, gmnular nucleus of 
tlie cell, Tlie axis is Iwrdered on either side by the cytoplasm of 
the cell which is finely gmnular, but the gmnules do not consist 
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of pigment. These granules may, however, have a pathological 
significance. 

The Spleen. 

The spleen, as Rapp pointed out ( 10 ), lies on the nght side of 
the pylorus. It is, in my specimen, separated from the latter by 
the splenic limb of the pancreas, with which it is surrounded by 
the layers of the dorsal sheet of the great omentum (text- 
fig. 11, B). Its total length is 7*7 cm., width of the oval part 
1*3 cm., and thickness *75 cm. 

It consists of an oval posterior part, and a long nanow anterior 
part which is twice bent on itself, but the latter has a small thick 
concealed process. On the inner side there is a small circular 
accessory spleen lying within the splenic limb of the pancreas. 

The right-sided position of both pancreas and snleen introduce 
modifications in the peritoneum. In my specimeirthe conditions 
induced by the former make the peritoneum difierent even to 
that of forms of B. tridact^lus in which the spleen and pancreas 
lie as described by other authors. 

The position of the spleen ofifers a problem for the embryologist. 


The Peritoneum. 

2^Ae Great Omentum (Plate II. A, f). 

The great omentum is attached to the right side of the ventral 
limb of the pylorus, but nowhere is it fixed to the greater cur- 
vature of the stomach. It has dorsal and ventral sheets, each 
composed of two fused layers. 

The ventral sheet (text-fig, 12, A, vs) is attached to the right 
border of the whole of the ventral limb of the pylorus, and the 
right border of the first pai’t of the duodenum. It separates 
into two layer’s which surround these structures. Tlie ventral 
layer is continued from the pyloinis on to the ventral surface of 
the cardiac stomach, and the dorsal layer passes fi’om the venti*al 
to the dorsal paH of the pylorus, thereby forming the left wall of 
the lesser sao. On the dorsal limb of the pylorus it meets with 
the dorsal sheet of the great omentum which has returned from 
the pancreas and spleen. 

At the convexity of the pylorus the ventral ainl dorsal sheets 
meet, theieby closing the lesser sac posteriorly, and the ventral 
sheet fuses anteriorly with the mesoduodenum (dotted line in 
text-tig. 14, A). 

The dorsal sheet (text-fig. 12, A, ds) passes dorsally and to the 
right from the free edge of the omentum and, at the ventral 
lx>rder of the pancreas, it splits into right and left layers. The 
former passes round on to the right surface of the splenic limb of 
the panci’eas, and is carried ofif round the spleen which it com- 
pletely encloses ; returning to the pancreas again it covers the 
right surface. The left layer covers the left surface of the 
paticreas and, at the dorsal border, the two layers come together 
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again and run to t)ie dorsal limb of the pylorus. One layer 
passes thence on to the dorsal surface of the cardiac stomach, 
and the other unites with the dorsal layer of the ventral sheet. 
Between the serous covering of the cardiac stomach and tlie 
layers passing between the two limbs of the pylorus there is a 
peritoneal pocket (text‘fig. 12, A, p). 

When the dorsal sheet is traced to the pyloidc curvature it 
separates into anterior and posterior layers. The former becomes 
continuous with the part of the ventral sheet running between 
the two pyloric limbs (text-fig. 12, 0,p), and the latter passes 

Text- figure 12. 




A : Section across tlie great 'omentum. Dorsal (ds) and vontml (vs) sheets 
embracing spleen piuicruas (Pa.), and ventral and dorsal parts of pyloms 
(Pv. & Pd,). 

li : Section across the cncal api)endage of the stomach. 

C & 1> r The i*elation of the dorsal sheet of the gn^at oinentnm (ds) to the pyloric 
cuivatore. The layers pass to the peritoneal pocket (p) and the cardiac 
stomach (cs). 

round the bend and is reflected on to the right surface of the 
cardiac stomach (text-fig. 12, C, cs). 

The jK)8terior pole of the spleen is connected by a fold 
of peritoneum to the ventral surface of the cardiac stomach, 
encircling the ventral pyloric limb and curvature. It shuts in a 
peritoneiii {K)cket containing the ventral limb. 
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The meso-appendix, which binds the cseoal appendage to the 
posterior surface of the cju’diac stomach, is formed by peritoneum 
derived from the coverings of both veiitiul and dorsal surfaces of 
tlie stomach. Its attachment to the eaidiac stomach is much 
shorter than to the anterior border of the appendage. 

T/ie G astro- Hepatic Oimntum. 

Tlie gastro-hepatic omentum runs from tlie (esophagus, convex 
lesser curvature of the stomach, and duodenum as far distally os 
the entrance of the common bile duct (Plate 11. A) to the 
diaphragm at the left side of the liver, and along the left half of 
the posterior surface of tlie liver. Jt is wide and fan-shaped 
with the base lying posteriorly and the narrower end fixed to the 
diapliragm and liver. It fuses with the common mesentery, and 
the structures forming the ventral boundary of the wide Foramen 
of Winslow are common to both of them (Plate II. A, n). 

When the serous ('.<jats of tlie stomach are traced to the right 
they are seen to separate and surround the first pai*t of the 
duodenum and becouie contimious with the common mesentery 
(Plate II. A, g). Tliis connection, therefore, forms an additional 
means whereby the gut is fixed to livei* and diai)hragm. 

The Lesser Sac of the Peritoneum (Plate II. A ; toxt- 

%.3 2,A). 

The long axis of the lesser sac describes an S-sha})ed courst* 
from the Foramen of Winslow to tlie free edge of tlie great 
omentum, and its general direction is posterior and to the right. 
It is also tiipering, for the Foramen of Winslow and pa i-t abutting 
against the liver are mucli wider than the omental end. It also 
lies mostly to tlie riglit of the stomacJi, and jiart of it is anterior. 
Consequently, the dis]»osition is difierent from that of most 
Mammals, where it lies dorsal to the sionmeh. I'his curious 
arrangement is due chiefly to the position of the pancreas, spleen, 
and great omentum, and the relations of the layers of the omen- 
tum to the limbs of the pylorus. 

The boundaries of the lessei’ sac from behind forwards are ; — 

To the right —paucieas and spleen envelojied by the layers of 
the dorsal sheet of the great omentum. 

To the left — the two limbs of the pylorus and the lieginniug 
of the duodenum. 

iJorsally —the so-called ligaiuentum he]mto-cavo-duodenale of 
Klaatsch, which is a continuation of the right half of the 
suspensory sheet of the liver and covei’S the vena cava 
inferior. 

Ventrally — -the great omentum, pylorus, first part of the 
duodenum, and the fused sheet produced by the lessei* 
omentum and common mesentery. 

The above conditions I'esemble in many i*espeots those of some 



ANATOMY OF THE TMEKB-TOBlI SLOTH. 


171 


of the BepUlia, and Klaatsch (5.) fias desoiibed the peritoneum 
exhaustively in them. 

The Foramen of Winslow is also very wide as in the case of 
Reptiles. It has the usual Ixuindaries. 

In Plate II. A the ventral wall . of the lesser sac has been 
removed round the lettei's MG UK L and one sees the pancreas (P) 
in the dorsal wall of the sac. 

Text-figure 13. 



A 


RU8|)eu8ory ligtuiieuts of the liver and the inaitiier in which their coiitimiJitiojis 
(Miter into tlie formation of the anterior |iart of the coniuion uieMMitcr> . Tw u 
halvoM, H' ami 11" of A, pass roniid tho of the liver at the points + 
iind X. They eventually become the mesentery Dof %s. Cand D. A ami o. 
inferior vena cava, c : lesser omentum. K : cesophagiis. 

Ligmnenis of the Liver, 

When the liver is depressed so as to show the anterior surface 
(text fig. 13, A), one can see hoiv it is connected to the diaphragm 
by a V-shaped sheet of peritoneu^i whose apex is dorsal, 'i'he 
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limbs of the sheet play important parts in tlie formation of 
the mesenteiy ami the ligamentum hepato-cavo-tluodenale of 
Klaatsch. 

The right limb is inserted into the floor of a groove. It j)asse8 
round the right border of the liver and separates into two layers 
which pass along the sides of the vena cava inferior. One-half 
covers the right a])dominal wall, and the other covers the dorsal 
abdominal wall and can be traced into the common mesentery 
(text-fig. 13, Qd and 

In the angle between the two limbs the vena cava inferior, 
arched over by peritoneum, can be seen (text-fig. 13, 'A, a) running 
to the diaphragm. 

Text-figure 14. 



Tim common viowml from the right (A) ami left (H), Jjig, Sun.^ suapen* 

Hory ligament ; c.B.n., common bile-duct ; Pa., patici’ens : Sp.^ Hpleoii ; P//., 
the dorsal and ventral limbs find flexure of the pylorna ; the uiimarke<l dotted 
line is the line of fusion of the great omentum and mesentery. 

The loft limb of the sheet is the true suspensoiy ligament It 
passes into the fissure between the left and right lobes of the 
liver. It turns round the left hepatic margin, and is attached to 
the posterior surface from the left l)order to the origin of the 
common bile-duct. The lesser omentum fuses with it. It is con- 
tinued as tlie common mesentery, and is combined therein with 
part of the ligamentum hepato-cavo-duodenale. Between the 
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two halves is the anterior part of the lesser sac (text-0g. 13, B)* 
which opens into the Spigelian Becess of the liver. 

Th^ Mesentery. 

The mesentei*y has an attachment from liver to pelvic floor 
which begins anteriorly to the right of the mid-line, but passes 
posteriorly and to the loft to reach it. It is composed at fii*st of 
the suspensory ligament, and its free edge is attached first to the 
diaphragm, then along the posterior surface of the liver 
(Plate II. A, n). Its free edge then, containing the common bile- 
duct, runs from the portal flssiu'e to the duodenum. Finally, it 
follows tl^e intestine to the pelvic floor. It has attached to it 
the layers of the great omentum. It sends a tubular sheath 
round the cesophagus (text-fig. 13, B, e). 

The stomach is attached to it anteriorly by the lesser omentum, 
and to the right by the connection round the duodenum (text- 
fig. 14, B). 

No peritoneal bands connect the duodenum to the colon. 

llr. Ohalmers Mitchell (8) and othei^ have described the peri- 
toneum from duodenum to anus, and the only hict which I have 
to add to their accounts is the prominent ridge produced in the 
mesentery by the posterior mesenteric vessels. 

The Suprarenal Capsules. 

The left capsule is flat and ovoid and measures : — 

Length 1*8 cm. 

Width *75 „ 

Thickness *35 „ 

The right capsule, as is shown by the following figures, is 
longer, narrower, and thicker : — 

Length 2 cm. 

Width *6 „ 

Thickness *5 ,, 

Both lie a considerable distance anterior to their corresponding 
kidneys. On section the right capsule shows a round cortex and 
medulla, but these are long in the case of the right one (text- 
flg. 11, E). 

Ths Thoracio Organs. 

Buriio (1) and Rapp (10) have described the heart and lai ge 
vessels, but the branches of the aortic arch in my specimen are 
different to their accounts. It gives off from right to left the 
innominate, left subclavian, and three intercostal arteries (text- 
fig. 15, B). 

The posterior border of the ajch is connected to the left 
pulmonary arteiy by a very prominent Ugamentum arteriosum ; 
this measures 1 cm. long and 2 mm, wide, but is quite 
impervious. 
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The^ left vagus anil phrenic nerves are fuseil in the anterior 
part of the thorax, there being only siipfetficial fiiii-ows to mark 
the distinction between them (text -fig. 15, A). 

'IMie lungs have large alveoli, as shewn by Jolni Hunter (12). 



A : The adhesion of tho left vajfwa (v) and phrenic (p) nerve*!. 

B : The aortic arch (a.a.) ffiviuj? off innominate (ia.), left subclavian (l.s.a.) and three 
intercostal (1a, 1, 2, 3) arteries; la., lijramentuin arteriosuin ; pa. and lpa., 
pulmonary and left pulmonary ui’teries. 


The Genkraiive Organs. 

The internal generative organs of the female have been 
described by John Hunter (12), Klinckowstrom (6), and 
Rapp (10). Those of my specimen were not examined, for 
the gravid uterus was at once removed for erabryological l esenrch. 

The external genitalia and anus are all enclosed in a species of 
cloaca, and the clitoris is a small somicircnlar flap. The male 
orgJins also exhibit a primitive condition, and John Hunter (12) 
has described them as follows ; — “ The penis is a short flat body 
enclosed in a prepuce which ia within the verge of the anus. It 
is uot above two tenths of an inch in length, and terminates in 
an obtuse point. It has a gi'oove which runs along the under 
surface, and which makes the point somewhat forked/’ 

No os penis is present. 

Ballowitz (15) has described the spermatozoa. 

The Pelvic Bonks. 

The skeleton of the specimen described above was recently 
obtained by me from Mr. Gerard, and the pelvis was com]pared 
with that of a male animal which was preserved in the Society^ 
Prosectorium. There are numerous and striking differences be- 
tween them; these are seen in the measurements of th^ diflferent 
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diameters, the shape of cross-sections of some of the bones, the 
sizes of openings, and the development of crests and eminences. 
Speaking generally the female pelvis is rounder and more cjipacious, 
for it has to accommodate the large trumpet'shaped rectum, and 
leave a |>as8age for the fcetus during parturition. 

For purposes of measurement I have chosen the following 
diameters which are made use of in human obstetric anatomy, 
but have modified them slightly : — 

1 . Conjugate— horn the centre of the inner border of the pubis 
1.0 the front of the centrum of the first sacxul veHebra* 

2. Transverse — between the widest points of the lateral pelvic 
walls : that is between tlui inner surfaces of the acetahula. 

3. “from the sjicro-iliac joint to the mid point of the 
hone between tlie mid line in front and the anterior border of 
the ohturater foramen. 

4. Jnterspinous — l)etween the iliac spines. 

5. 'I'he measurements of the outlet are taken between the 
widest points dorso-\*entrally and tiiin aversely. 

The proportions pieseiit in male and female j>elves are as 
follows : — 

Diameters* 

Tuterspinous diametei 
Conjugate of inlet .. 

Transverse,, „ 

Oblique ,, „ 

Conjugate of outlet ... 

Transverse,, „ 

Width of pubis .., 

Ischiadic Foramina* 

A iiiero-posterior diameter 2*3 „ 1*8 ,, 

Transverse „ 1*6 „ 1’3 „ 

Obturator Foramina, 

A ntero- posterior diameter 1*6 „ 1’7 „ 

Tran.sverse „ 2*2 „ 2'5 „ 

The following differences are also present between a male and 
female pelvis : — 

Male pelvis. Female pelvis, 

Iscliial tuberosities well marked. Ischial tuberosities very .small. 
Pubis circular on sec^tion, , Pubi-s fiat on section. 

Iliac spines incurved. , Iliac spines not incurved, 

Inlet less defined. , Inlet w'^ell defined by a sharp 

j crest. 

Ischia more sloping from last* 
sacral vertebra. j 

Transverse processes of caudal ' Transverse process of ca udal 
veitiebne sloping. , vertebrae horizontal. 
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The Sacral and (JAirDAL \'’BRTBBRiB. 

Owen mentions in his ‘ Oompamtive Anntomy of the Verte- 
brata,’ that there are six sacml and eleven caudal vortebr©. In 
both iny specimens there are seven sacral and nine c^audsl 
vertebrae, but there is a greater degree of fusion, and less 
distinctness, between the saeml centra in the female pelvis. 
Flower gives the number of caudal vertebrie as 6-10. 

The Blood. 

Gulliver (18) has pointed out that the red blood corpuscles are 
very large, and gives their measiirement as 1 /2778th inch in 
diameter in a young /?. clidmtylm. He also states that the 
Elephant is the only tnaininal with larger co!‘puscles. 

StTMMARY. 

The new fac;ts recorded in this communica.tir)n are : — 

а. The full description of the mouth and tongue. 

б. The comparison between the palates of Bradypm find 
Cholocpufi. 

c. The external relations of the compartments of the stomach, 
and the distribution of lymphatic glands in the stomach -wall. 

d. Details of the* internal structure of the stomach, and a 
complete account of the interior of the cfecal appendage. 

e. The unusual and reptilian-like situation of the pancretia, 
which results in complications in the peritoneum. The latter is 
fully described for the fii’st time in Bradyptts tridactylus. 

f. The vessels arising from the aortic arch are different to 
previous accounts. 

g. The ligamentum arteriosuin of Bradypm is desciibed for 
the first time. 

A. The duct papillaB in the duodenum are different from the 
form which has already been described. 

?. The comparison between the male and female pelves. 
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EXPLANATION OP THE PLATES. 

Pr.ATE T. 

A. Tla» niu prior ona of a section ihroug:li tlie hwul. I 7, lips. 

It Tile roof of the mouth : e, cheeks; *», vestibule, sp, soft p.ilate. 

C. The honj' imlate of Itradppus tridactplus. 

1). The bony palate of Cholunpm. 

Plate II. 

The cxh‘niHl (A) and internal (H) structure of tln‘ st/Mnm;h. In B the ventral 
Willi hilt) lieeti thrown upvvanlK and to the rn;ht, and the ilursal cardiac coiiipuptmbnt 
and pylorus separated and thrown to the left. 

A, c and B, i.i.i. : pnnnch. 

A, P and B,f/, c, f/, 2 : cardiac stomach. 

A, Eli and B 3 : pylorus. 

])oscription of other letters in text. 

Plate III. 

1'he interior of the dorsal compartment of the cardiac stomach (A), doisiil juirt of 
p^loms (B), and ventral part of pylorus (0). 

A <* i rml runuiiijr through the ruuiinating gutter to the pylorus, fi, rod 
coinmu.iieating with the paunch (c). d, pleated mueoMU 
B rt : epitludiJil ridges bounding glandular areas (7>). c, ruminating gutter. 

d, liard pleated mueosa continued from the eaidiae stomaeb. 

C a : pyloric sphincter with beginning ot liuodeniuu (6). e, caitliuc stomacli. 

Plate IV. 

A ; The interior of the intestinal tract, a and n, pieces of tiie small intestines. 

c and i> ; the lower end of the ileum, colon, and rectum. 

B : Section through the Keptum lietwmi eaiiliac stomach and pautich. 
t’ . Section of the liver. 


Proc. Zool. Soc, ~~ 1921, No. Xll, 
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8. Eeport on Bei^ths which occurred in the Zoological 
Gardens during 1920. By N. S. IiucASt M*B., F.Z.S., 
Pathologist to the Society. 

[Becei?6d January 31 » 1021 : Read February 22, 1921.] 

On Jan. 1st, 1920, there were living in the Gardens 

586 mammals, 1333 birds, 411 reptiles. 

(826) (2162) (486) 

To these were added during the year : — 

450 mammals, 1138 birds, 693 reptiles. 

(446) (1356) (683) 

Giving a total of : — 

1036 mammals, 2471 birds, 1104 reptiles. 

(1272) (3518) (1169) 

♦ 

The total of deaths which took place during the year 1920 
was 1101. This was made up as follows : — 

333 mammals, 490 birds, 262 reptiles. 

(356) (857) (467) 

This gives a percentage of deaths to animals living in the 
Gardens during the year of 

32-1 19*8 20*1. 

(27-9) (24-3) (39-4) 

If only those animals which had lived in the Gardens for six 
mouths or more are considered (it bein&; assumed that these ere 
acclimatized), the number of deaths is as follows : — 

167 mammals, 230 birds, 50 reptiles. 

Giving a percentage of deaths of : — 

161 9'3 4-5. 

(16-9) (16*4) (13 8) 

As this is the first year in which the numbers have come up to 
pre-war standards, or nearly So, the figures for 1913 are given in 
brackets corresponding to each of the above. 

Company these figures, those for mammals remain very 
constant. The increase in 4*2 per cent, of the death-rate may 
be considered as due to the higher ratio of unacclimatized 
mammals. If only the acclimatize are taken, there is a drop of 
0*8 per cent. 

The total number of birds in the Gardens shows a drop^of 
approximately 1190. The bird population in 1913 was nearly 
50 per cent, greater than now. Th(S total and acclimatized death-* 
rate has diminished. In the latter case this is very marked. A 
reference to the diminished figures for avian tuberculosis and 
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mycosis will shed some light on this fsll. How miicli of this 
diminution in the incidence of these diseases is clue to the hii-ds 
beingjess crowded it is difFicult to ssy. If the numbers of birds 
rise to pre-war height, it will be interesting to wat(;h the corre- 
sponding effect on these diseases. 

The decrease in tlie death-mte among tlie re}>tiles is still move 
marked, being nearly half , even when newly-im[>orted individuals 
are considered. Tins is due to the absence of an epidemic of 
pneumonia, which in 1913 claimed 138 victims, while the total 
deaths from lung diseases for 1920 is 61. 

If ojily the inoi'c? acclimatized specimens are considered, the 
death-rate is roiiiarkably low. This is probably due to the fact 
that those Avhich liad been in the Gardens for more tlaai six 
months were mostly reptiles which had survived tl»e dillicuit 
j»eriod of tin* war and wcit* rather specially well acclimatized. 


Xoten on the A nalyais of the Causes of Death. 

1. Pleurisy. — It is interesting to note the rarity of this disease 
among animals in eomparison with its common incidence ainotig 
IniniMiis. 

One case occurred in a green cercoi)ithe(jne, the otlier in a 
niacaijne. 

2. This (K‘curied in a grey inongc^ose. 

3. This was found in an Indian hunting dog, and was due <o a 
neniaic »d e, tSptroptera saugn in olenta. 

4. I'his occurred in a liurnett’s cercopiThe(|ue. 

5. It is difficult to account for the diminution in the deaths 
from nephritis. The figures this year are 8, 31, and 0 for tlie 
three classes, while in 1913 they were 90, 135, and 6. At iirst 
sight it might seem tliat this was dm* to a difference in opinion 
as to the cause of (h'ath, hut as there has been no corresponding 
rise in any other dis(‘ase or diseases, this cannot he the cause. 
8o little is know n as to the cause of nephritis, that it is iinpossihlo 
to assign a reason. 

6. In a hndgerigju’. 

7. Enteritis still lemains the chief eause of death among the 
birds. One orgjiuisrii, that of /?. aertryck, l\as been isolatetl from 
a newly-imported grey touracon and a new ly-importe<l pjuTakcei. 

8 . These occurred in a ring-tailed lemur, a badger, and 'a 
bonnet macatjne. 

9. In a hlack-lwicked jackal. 

10. in a bonnet macjujue. This was an old individual. 

11. In a faiiy blne-hii d. 

12. In a violet tanager. 

13. The high death-rate from tuberculosis among the mammals 
as compared with that of birds is of iatevest. 

Among the mammals 69 deaths occurred, of which 43 w'ore 
those of maciwjues in the canal-bank aviary. Of the remaining 
26, five occurred in the Lion House, leaving 21 for the other 
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DEATHS IN THE GARDENS IN 1920 . 18^1 


Analysis of Causos of Death, 


Dihoatio. 

Mammals. 

■'! 

Birds. |Keptiles,. 

1 etc. 

Lohtir pncuiiionia 

14 


1 

lh‘()iich(»-piieunioitui ... 

38 

41 

10 1 

(’oiigeHtion ot lungK .. , 

29 

30 

23 1 

, Hronchitu 

29 

6i 

28 

IKdeiii i ot luogH 


5 


(1) IMeurjtiy , ..... 

i 



Pleurisy MMth rflPusioii 

1 



AbsiH'sR of lllUtf 

1 



(2) Paia^coiiomiMKis of 

1 

- 


Co11h]j8c of luuj^ (rickets) 

4 



(viuituloiuu of lun^ 

1 



Pleurisj' uiid ixiricanlitift 

1 



IVncanlitis 

1 

9 

1 

Iviidociiidtiis 

1 



(8) Uu. •lured iiiieurisni 

1 



Ruptnri'd liiHi't 


1 


Uup’ured arterj' .... 

3 

2 


Aiuoinia 



1 

(4) Anieinia of s.pleiio-iiu‘- ) 

j 



dull ir\ type , > 




(6) NoplnitiK 

8 

31 


(6) Cystic liidiiev . . 


1 


Ntnrosis c if kidney 


1 


Kuir-biiidinj^ 


4 


] iifluiuiiiatioii of oviduct 


3 


< \ircluouui of testicle 


1 


Stomatitis . . 



2 

(KsopliH^etil ttbhcess 


1 

* ' 

liii-stnlis . . 

1 


0 ' 

(7) Kiitciiris 

31 

124 

24 

(8) Intus<*usception 

3 


; 

(9) liit<‘stitiHl obstiuction } 

1 



.'*old iiitusKUsception ) 




(10) Volvulus 

1 



(iraiiuloiiia of iiitt'stiues 

1 

1 


(11) Clcerutioii or cloaca 


1 

1 

(12) Pibroiiitt ot cloaca 


; 1 j 


Pei itoiii'.is 

5 



(liauulonia of iiiesouterv 

1 



Fut t y ileireiieratioii ot liver 

i B> 

1 i 

Ciirhosis of liver.. 

2 

; 3 


Poital pvtemia 

1 1 



liuptuicd liver 


i ^ 


1 Paiuireatitis 

2 



^ (Fdema of brain 

i 1 



(13 o) 1 rwtorculosis . - . 

i 09 

! 

i 7 

2 

Alvcosis 

1 2 

i 21 

1 

Aiitlirax . .V .... 

1 

1 • • 


Toxa<niin .... 

ft 

2 


Heluutithiaais 

2 

i 6 

7 

SarconiH . 


! 2 


Ab«ice^s of ribs 


1 


Ascites ? cause 


1 


Debility 

v 



Jiiaiiitiou 



42 

Senility 


‘ i 


Under anaiethetic 

i 



Exposure 

ft 



Killed by accident or by 




order 

22 

44 

3 

Kateii by rata 

2 

11 

ft 

J>ecom posed 

7 

19 

f4 

Not diuffnosed 

7 

23 

22 

Not exaimnoil 

9 

1 2 

10 
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hoiiseB and enclosures. In 1913 there wete 31 deaths of this 
disease, of which 15 came from an epidemic in what is now 
called the Rodent House, so that, deducting the epidemics, there 
is a slight rise in the death-rate from tubercle this year as com~ 
pared with 1913. 

Of the 26 cases occurring this year, seven only had been in the 
Gardens less than six months, and of two the date of arrival 
was accidentally omitted. Of the remaining 17, eleven had been 
in the Gardens over a year and a half. Obe, a blesbok, had 
been there nine years. 

It is therefore difficult on these figures to give any opinion as 
to the method of the introduction of the disease to the Gardens. 

The small death-rate among the birds may have the same 
origin as that of mycosis. 

13 cr. Among the cases of mammalian tuberculosis was that of 
an axis deer with disetuse of the genital organs, which is extremely 
rare in the lower mammals. The animal had been in the Gardens 
for many y«ars. 
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EXHlBmOirs AED HOflCES. 

February Bth) 1021. 

Prof. E. W. MagBridb, D.Sc., F.R.8., F.Z.S., Vice-President, 
in the Oliair. 

The Beoretaby read the following Report on the Additions 
to the Society’s Menagerie during the months of November and 
December 1920. 

November. 

The registered additions to the Society’s Menn^rie during the 
month of November were 102 in number. Of these 48 were 
acquired by presentation, 25 were deposited, 21 were purchased, 
6 were received in exchange, and 2 were born in the Menagerie. 

The following may be specially mentioned : — 

1 Common Otter (Lutra lutra)^ from Lincolnshire, purchased 
on November 16th. 

1 Japanese Deer {Sika 8ika\ bred in England, presented by 
Ernest J. Gripper on November 4th. 

3 Alpine Marmots {Marmota niarmotta\ from St. Moritz, 
presented by the Curverein, St. Moritz, on November 29th. 

December. 

The registered additions to the Society’s Menagerie during the 
month of December were 66 in number. Of these 33 were 
acquired by presentation, 25 were deposited, and 8 were 
purchased. 

The following may be specially mentioned : — 

2 Beech-Mai*ten8 (Martea /etna), from Denmark, purchased on 
December 7th. 

1 Timber-Wolf (Canis occidentalism from N. America, presented 
by Capt. R. A. Angie on December 3rd. 


Mr. E. G, Boulenqer, F.Z.S., exhibited, and made remarks 
upon, a Black Salamander ((Salantandra cUram which, in the coui*se 
of its captivity in the Ge^ens, had developed ^’'ellow spots on 
the body. 


Prof. J. P. Hill, F.R.S., exhibited, and made remarks upon, 
a series of lanteru-slides of the Foetus of a Three-toed Sloth 
{Bradypm tridactylus). 
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February 22ad, 1921. 

8ir S. F. Habmer, F.K.S., A^ice President, 

ill the Chair. 

The Secretary refld the following Report on the Additions to 
the Society’s Menagerie during the month of January 1921 : — 

The registered additions to the Society's Menagerie dining 
the month of January were 122 in number. Of these 49 were 
aifjuired by presentation, 64 were deposited, and 9 were 
purchaser! . 

The following may he specially mentioned : — 

1 American Bison {Bison americanns), cf » bred at Woburn, 
deposited by The Duke of Bedford, K.O., on Januaiy 28th. 

1 Dromedary (Camelus drmnedaHu8\ cf , from Mogador, 
MorcKteo, purchased January 31st. 

1 Verreaujcs Aincthyst-8tarling {PhiJodanges hucogaster rt*r- 
7'p(uuvi\ from Duiban, South Africa, new to the Collection, 
presented by Harold Millar on January 15th. 

1 Sundevairs Seed-eater {Serinus scotops), from South Africa, 
new to the Collection, purchased on January 21st. 


Prof. G. Elliot Smith, F.R.S., F.Z.S., exhibited a series of 
photographs of a living example of Tarsius^ and wiid : — 

The accompanying photographs of a living Tarsius^ taken by a. 
Chinese boy at Kuching, Samwak, have just been received from 
Mr. W. E. Le Gros Clark, who went out to Borneo bust autumn 
to take up the position of medical officer at Kuching. Dr. Charles 
Hose tells me that the usual and characteristic attitude of Tarsius 
is that shown in these pictures, but during his long jieriod of 
service in Sarawak he was unable to get any satisfactory photo- 
graphs of this singularly elusive creature. Hence we owe 
Mr. Le Gros Clark our deepest gintitude for making us familiar 
with the somewhat unexpected appearance of this surviving 
member of the Eocene family from whicii our own Simian an- 
cestors were derived. 

Before he left for Borneo last autumn, I asked Mr. Le Gros 
Clark to collect all the information he could get of the habits of 
Tarsius and Tupaia, to secure photographs of the living animals, 
and obtain the material for anatomical ami embiyological research 
on these impoHant genera. Moreover, I specially impressed 
upon him the importance of studying the retina of living or 
freshly-killed examples of Tarsius for the purpose of determining 
whether or not a inacula lutea was present. 

Immediately upon his arrival at Kuching, Mr. Le Gros Clark 
was able to secure the two photographs reproduced hei*e, and also 
the fresh corpse of an adult female {? pregnant), which he has 
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dissected. The uterus has been preserved for Professor J. P. 
Hill to examine. Mr. Le Orem Clark gives me the important 
information that neither with the ophthalmoscope nor by direct 
examination of the retina after opening the eye was he able to 
detect any sign of a yellow spot (macula hitea). At the same 
time he catitiously refrained from denying its presence. Dr. H . 
WooUard has been investigating the specimens of Tardus given 
to me many years ago by Dr. Charles Hose for the purpose of 
prepaiing a monograph on the anatomy of Tardus, He was 
unable to find the macula lutea in his preparations of the letiiia. 
nor was he able to discover any trace of it in a series of excellent 
histological prepai’ations lent me by Dr. W. L. H. Duckworth of 
Cambridge. 

The macula lutea is a very obtrusive feature of the retina in 
monkeys, and can easily be seen even in badly presetted niaterial. 
Hence it could hardly have been overlooked in the fresh retina 
of Tarsius, if it had l>een present. Hence Mr. Le Gros Clarkes 
oVjservations, taken in conjunction with Dr. WooUard ’s work at 
University CJollege, make it practically certain that in Tardus 
tViis distinctive feature of the retina of the Aiithropoidea (among 
mamiiials) is lacking. In tins respect Tardus agrees with tlie 
Lemurs, and differs from all monke 3 ^s. 

In the Anthropoidea the development of the macula lutea is 
associated with a <listinctive arrangement of the fibres of the 
optic twet. Instead of a complete decussjition of the optic 
nerves there is only a semi -decussation, the fibres coming from 
tVie lateml half of ejich retina remaining uncrossed. Dr. Woollard 
tells me that he is unable to find any evidence of such an aiTaiige- 
ment in Tarsias^ wdiicli, like the Lemurs, seems to have either a 
complete or almost complete decussation. 

These observations are of far reacliing significance from the 
light they ahe<l on the c'ardinal factoi*s that, brought the 
Anthropoidea into existence. 

1 have repeatedly called attention to the influence of tlie 
adoption of an arboreal life ujion the cei*ebml cortex and the 
behaviour of niammals, which is so clearly displayed in the 
Menotyphlous liisectivora by comparing Macroscelides witli 
Twpwia, In the Tree-Slu^ew' the importance of the sense of smell 
is <iiminished, and those of vision, touch, and hearing greatly 
enhanced. The further emphasizing of these adaptations brought 
the Primates into existence. Among the Prosimiee the reduction 
of the size of the nose in one gi’oup, the Tarsioidea, allows the 
eyes to come to the front of the face so that their fields of vision 
overlap. The enormous enhancement of the importance of vision 
which is thus effected leads to the sudden expansion of the 
cortical area lor vision and its further specialisation in structure. 
The sense of sight now completely supplants that .of smell as the 
dominant guide to the animal, and the alteration of the position 
of the eyes enables the animal to look forward, both in the literal 
and the metaphorical senses of the expression. 
pRoc, Zoot. Sec, — 1921, No. XIII. 
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But; though Tmmm has binocular vision, it has no macula lutaa 
to wciable it to apprec^te the details of the objects seen, nor has 
it any automatic mechanism for producing the conjugate move- 
ments of tlm eyes necessajy for bringing the two images of objects 
seen on to the corresponding areas of the two retinae* In other 
words, 7'ar$iu§ lias not yet acquired tine stereoscopic vision. 
But the wide range of movement of the head od the neck shows 
that the co-ordination of the two eyes is becoming biok)gica11y 
useful to the animal ; but as it has no inecdiantsm for automatically 
regulating the positions of tlie even tiie one to the othei\ it moves 
its head as the cat does. 

These enhanced powers of observation opened the possibility 
for one branch of the Eocene Tarsioidea to guide its hands with 
greater precision for the i>erfonnance of skilled movements, and 
so incidentally enhanced the sense of touch. Hence both the 
tactile and the motor areas in the cortex ntulerwent a great 
expansion and elaboration ; and at the same time the prefrontal 
cortex began to grow rapidly as a mechniiisin was built up for 
co-ordinating the movements of the eyes. When this happened 
specially sensitive areas (maculis luteaa) were differentiated in 
the two I'etinse, and the optic tracts became reaiTanged for the 
purpose of stereoscopic vision. These far-reaching changes led 
to the transformation of the brain and convei*ted a Tarsioid into 
a monkey. 
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9. On the Beproductive Organs of the Ascidiuo tSikentlialia 
bortalu (Gottschaldt). By Dr. Augusta Abnbace- 

OHRISTIE-IjISUB *. 

(Text-figures 1-8.) 

[Received October 7, 1920 : Read March 6, 1921.] 

The subfamily of the Polyzoinm^ to which Kukenthalia borealis 
(Gottschaldt) has been referred, is regarded as an intermediate 
group ^tween the Styelidae and the Botryllidse. According to 
Michaelscn t* who has given descriptions of this group of Ascidians 
in several papers, it comprises about ten genera, distributed in 
almost every region all over the world. 

In the Arctic region it is represented by a single genus with 
one species, Kukpnthalia borealis. 

The species w.;is first described by Gottschaldt t under the name 
of GooMria borealis. It was re-desoribed by Hartmeyer§ in 
*’ Fauna Arctica ’ under the new generic name KukenthaMa* 

As it thus appears, the species has been the object of thoiit>ugh 
examination by several eminent zoologists. However, it has not 
hitherto been passible, so far as I know, to make out its internal 
structure, owing to the unsatisfactory knowledge of the repro- 
ductive organs. 

Gottschalilt (L c.) merely writes as follows : “ Die Geschlechts- 
organe liegen in der Tunica, (es wurde ein einziges ziemlich grosses 
Ei gef unden).” 

Two years later Bonnevie !| described a few colonies of the 
species which had been dredged by the Norwegian Atlantic 
Expedition, 187G-1878. They were described under the name of 
Goodsma coccinea (Chmningham). With regard to the repro- 
ductive organs, the author states that they “ are found in small 
polycarps in the muscular stratum,” a statement which proves 
to be a mistake. 

Hartmeyer writes (Z. c. p. 260) : — “ Weiblicher Qeschlechts- 
apparat diflfus (grossere und kleinere Eizellen iiberall in den 
Innenkdrper eiilgestreut sowie in den Bluthahnen der Darm- 
wandung und der j ungen Knospen); mannlicher Geschlecbts- 
ap])arat bisher nicht nachgewiesen,” “ Ein befeonderes Ovarium 
ist nach unseren Untersuchungen nicht vorhanden ” (Z. c. p. 258). 

In the paper of Michaelsen we find the same statement, 

• Communioated by Dr. F. A. Bathvb, F.R.S., F.Z.S. 

t MiclmelsenJ^, W., “Revifion der c<»mpo8tten Styeliden odw Polyzoineii.” 
Mitteilungeii auB d. Nuturhrat. Museum in Hamburg, Jabrgang 21. Hamburg, 
1901. 

t Gottschaldt, R.,.** Die Synascidien der Bremer Expedition nach Snitzbergen im 
Jahr^ 1889.” ,Jea. vol. xxviii. Jena, 1894. ^ 

§ Hartmeyer, “Die Aecidien der Arctic,” Fauna Arctica, Bd. iii. Jena, 
1908-1904. 

]] Bounev ie, K., simplicM Ascidve oomposiia. From the .VortU 

Atlantic Expedition.’* The Norwegian North Atlantic Expedition, 1876-187$. 
Chriatiania, 1896. 

pRPO. Zooi, Soo. — 1921, No. XIV. 14 
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AceordiBg to this author, male gonads, as well as female ones, are 
unknown. And he is of opinion that, with regard to th^ reph)- 
ductive organs, the genus in question differs from all other 
Polyzoinoi, and even from all other Styelids. 

Nor did Bjerkan * succeed in enlightening us on the matter, 
though, as he says, he had a great mass of colonies for examination. 

Being occupied with studies on the Northern and Arctic 
Ascidians belonging to the collections of the Swedish State 
Museum, 1 have had opportunities of examining KUken^kalia 
borealis. 

My investigations of the species are not yet completed. How- 
ever, as important facts concerning the reproductive organs have 
been established, I publish the results already arrived at, hoping 
that they will augment our knowledge of an organic system of 
which one has hitherto tried in vain to get a clear conception. 

The material examined was collected off Spitzbergen, Waygat 
Islands, 60 fathoms, August 1861, and in Ice Fjord, S^e Harbour, 
30 fathoms, June 1864. I have also had at my disposal a colony 
from Greenland, 65° 15' N. lat., 53° 30' W. long., collected in 
June 1883; depth 75 fathoms. 

The specimens are preserved in alcohol. 

Spicules. 

Introductorily I will hej e mention that small spicules occur in 
the test of Kilkenthalia horealis. 

As is known, the species forms colonies which are massive, 
usually rounded, and not very large; they are attached by a 

Text-figure 1. 


Kiikentlialia horealis (Gottsch.). 

Spicules. X no. 

nari'Ow base. The zooids are not arranged in systems, and the 
atrial ns well as the branchial aperture of each zooid opens 
independently on the surface. The test of the colony is well 
developed. Internally and at the base it is soft and gelatinous, 
externally it is leathery. To this might be added also that the 
capsules which surround the individuals of the colony are firm 
and tough. 

The test owes its consistency, partly at least, to the presence of 
the above-mentioned spicules which are scattered in it. In 
larger colonies the spicules are abundant, in smaller ones they 
seem to be less numerous. 

• Biorkan, 1*,, ** Dk Ascidiw 4efi nordlickeii Norwe^ens." Ti’otnao Mu8ouni$ 
Aarshoftcr 34-26. 1908. 
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They show some variability with regard to size and shape. 
The general plan of the stmcture is, however, the same. Text- 
figure I shows two varieties of spicules which occur in different 
colonies. From a comparison it appears that the crystals are 
arranged about a common point forming like a sphere, studded 
with irregular, short, sharp points, or they radiate forming a 
stellate group wdth rays of irregular length. Sometimes a ray is 
elongated like a stalk. 

According to the literature, spicules often occur in different 
groups of Ascidians, but such structures do not seem to have been 
observed before in any genus of the Polyzomce. The possibility 
is, however, not excluded that they have been overlooked, since 
tbeir presence has been until now unobserved in Kukenthalia, 
But if this should prove not to be the case, tlie spicules, having 
been found only in KYikenthidia^ are to be regarded as a charac- 
teristic bf the Arctic form. 

As spicules might be of some value for comparative and 
systematic studie.s, an investigation of their occurrence in the 
different genera of Polyzdhiw would be of interest. 

» 

The RErRODiJOTivE Orgaxs. 

A more important re.sult of this investigation is, as will be 
shown, that the reproductive organs, testes as well as ovaries, have 
been found in Kukenthalkc hormlis. 

Text-figure 2. 



Zoaid *icen from the left side, test partly removed. X 8. 

at. Atrial apertuiu hr. Branchial ai)ortare. 6. Bud. hp. Brood •pouch, gp. Genital 
pouch with testis and ovary, gp. Oesophagus, r. Uectnni. ». Stomach. 

The organs are in the form of a herinapbrodite structure, the 
male glands as well as the ovary and the ducts being enclos^ in 
a long, sac-like outgi*owth of the mantle which extends into the 
common test, This outgrowth is here named the genital pouch. 
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In some individuals another sac-like structure, generally of 
greater size, has been observed. It is situated at the upper side 
of the above-mentioned one, and projects like the latter into the 
common test. When an individual contained developing 
embryos, they were enclosed in this sac. No doubt it develops to 
receive the embryos, and it is consequently to be regarded as a 
brood-pouch. ^ 

In the zooids most advanced in development there are thus 
two pouches which are to be referred to the reproductive organs 
(c/. text-hg. 2). 

In the individuals examined, reproductive organs have been 
observed only on the left side of the body; they are placed ventrally, 
on the outer side of tl)e mantle, and are embedded in the test. 
Only one genital pouch — consequently only one brood-pouch — 
has been observed in each zooid. If the individuals are seen from 
the inside of the colony, the position as w^ell as the number of the 
organs in question is easily determined. The members of the 

Text-figure 3. 


— ifl? 


Kiikenthalia horealis (Gottscli.). 

Zooid seen from the loft »ide, test partly n^movod. X 7. 

at. Atrial aperture, hr. Branchial aperture, b. Bud. ffp. Genital pouch with 
testis and ovary. «. (Esophagus, r. Rectum, s. Stuniach. 

colony are arranged in one layer and are placed close to each 
other side by side ; only the ventral part is free. From here the 
reproductive organs extend between the individuals, and only one 
genital pouch is visible between them, projecting from the left 
side of each zooid. 

As in the genus Gynandrocarpa, the reproductive organs of 
Kukenthalia seem thus to consist of a single hermaphrodite 
structure. In the former it is placed on the right side, in the 
latter on the left. 

In the different zooids of the same colony the reproductive 
organs show various degrees of development. In some zooids the 
genital pouch with the gonads was very large and of considerable 
length, in others it was hardly distinguishable (o/. text-figs. 2 3). 
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A brood-pouch was developed only in few zooids. It could not 
be decided w-hether all the zooids of the colony were mature, the 
material being little fit for dissection. From the above-mentioned 
facts one might, however, conclude that the members of the 
colony do not attain sexual maturity at the same time, probably 
owing to different age. 

As appears from text-figures 2 and 3 the part of the genital 
pouch which contains the genital glands is of a bulb-shaped 
form. On one side a large swelling, enclosing the distal part of 
the oviduct, is visible, and its form varies, owing to the degree 
of development of the brood-pouch, as will be described in the 
following. 

Male. — The testis is composed of numerous spermatic vesicles 
and a long vas deferens. 

As has been mentioned above, the testis is placed on the out- 
side of the body* wall, invested by an outgrowth of the mantle, 
projecting into the common test. The vas deferens, which is a 
duct of considemble length, extends into the j)eribranchial 
cavity and opens into it. 

Text-figure 4. 


Kukmthalia lorealU (Gottsch.). 

Vas defei*ens. X 83. 

A* Vtts dofeititis, usual form. | JB. Vas deferens, coiled up. 
vd. Vas deferens. 

The spermatic vesicles a.re pyriform glands which are arrange<l 
in two bundles, on account of which the testis appears to be 
bipartite. The male glands open into two sperm-ducts, each 
btindle having its duct, and these unite as a rule into a main 
spei'm-duct, the vas deferens {cf, text-figs. iA & 5). 

In one individual examined another arrangement was observeil. 
Here the two ducts did not join, but entered separately into the 
peribranebial cavity, thus forming two vasa deferentia. 

After its entrance into the peribranebial cavity, the sperm duct 
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generally bends somewhat to the side, extending along tlie inner 
wall of the cavity. This arrangement was observed in alb 
specimens but one. In the latter, a rather large individual with 
a strongly developed testis, the distal part of the vas deferens was 
coiled up (cf. text>hg. 4 ^), and its opening lies close to that of 
the brood-pouch. 

As this arrangement has been found in a single individual only , 
I do not venture to draw any conclusions from it. The possibility 
seems, however, not excluded that it might be of some impor- 
tance for the fertilization, in this case probably the self-fertiliza- 
tion of the individual. The fact that ova and spermatozoa are not 
seldom found mature at the same time in the same individual 
appears also to support the view that self-fertilization can take 
place ; whether it is usual is another question. 

Tliough most Ascidians are hermaphrodite, it is, however, not 
probable that self-fertilization generally takes place. On the 
contrary, in many groups arrangements have been observed which 
seem to pi'event it. As an instance of such an arrangement, I 
will mention that ova and spermatozoa are often produced at 
difierent times, and are consequently not found mature together. 

From sections it appears that, in zooids belonging to colonies 
caught in June, masses of spermatozoa fill up the sperm-ducts. 
Other cells are macerated, but the spermatozoa are in good con- 
dition — a fact which ouglit to be noticed, the material being 
preserved in alcohol and dredged so many years ago. It confirms 
the observation made many times before that the spermatozoa 
are more resistant than other cells, and that they are higlily 
resistant, even to maceration. 

Female. — In zooids most advanced in develojunent the female 
organ consists of a small ovary with a wide oviduct and a very 
large brood -pouch. 

As is shown by text-figure 5, a small rounded vesicle with a 
wide duct is situated at the side of the male glands in the genital 
jK)uch, Sections through it did not sliow much of its structure, 
the tissues being rather macerated. The presence of eggs makes 
it, however, evident that the vesicle is to bo regarded as an ovary. 

In several individuals one very large egg, covered with follicular 
epithelium, was observed here, apparently ready to pass through 
the oviduct {cf, text-fig. 7). 

As mentioned above, the ovary is placed at the side of the 
male glands and is quite separated from them. Seen from the 
left side of the zooid, the one bundle of male glands is partly 
covered by the other, and the ovary has its position opposite their 
middle line. If one imagines the gonads spread out, the ovary 
would thus have its position between the two bundles of male 
glands. 

The oviduct extends from the above-described ovary between 
the two sperm-ducts towards tho brood-pouch, and opens into the 
distal part of the latter with a very wide apei-ture {cf, text-fig. 5). 
The lumina of the brood -pouch and the oviduct become thus 
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diatally conflu^ot, aud they communicate with the peribranchial 
cavity by a abort, narrow aperture which is well observable near 
the vas deferens (c/* text-iig. 8)« 

These facts are of a special interest ; then, owing to the above- 
mentioned ariangement, the passage of the egg is secured : the 
oviduct opening widely into the brood-pouch, the egg, having left 
the oviduct, must be laid into the brood-pouch, where it probably 
remains until it is fully developed. 

The oviduct is of considerable width, especially the distal 
part, which is rather sac-like, and the w’all is deeply folded on 
one side. 

Text-figure 6 represents a transverse section of the genital 
pouch on a level with the bifurcation of the vas deferens. The 
latter is on the point of forking, on account of which it appears 
somewhat broad. The figure shows how the oviduct is soujewlmt 
compressed from side to side ; it is lined with a low epithelium. 


Text-figure 5. 



KUkenthalia borealis (Gottscli.). 

Tbe reproductive orgaiiH from the oitsido. X 
bp, BroocUpoueb. o. Ovarium, od. Oviduct, t. Te»tis. vd. Vas deferens. 


More distally, on certain parts of the wall, a strongly ciliated 
epithelium was observed. As appears from the figure, the ciliated 
epithelium of the vas deferens is also well developed. 

The brood-pouch has the form of a large double-walled sac 
with a constricted neck. It generally contained one embryo. 
In some individuals it is of considerable length and width, pro* 
jecting beyond the genital pouch. Text-figure 5 represents it at 
a stage somewhat less developed. 

In individuals containing no embryos a brood -pouch has also 
been observed, though highly reduced with regard to form and 
sise. Such an interesting stiige is shown by text-figure 7, where 
the brood-pouch is represented by a short blind sjuj or an appendix 
in connection with the oviduct; and in xooids with rudimentary 
reproductive organs, as for instance in that represented by 
text-figure 3, the presence of such a blind sac can also be 
stated, as will be Seen from text-figure 8. The last-mentioned 
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figure shows three transverse sections of the genital pouch with 
the ducts, which are cut obliquely. The brood-pouch is repre- 
sented by a short blind sac ; like the oviduct, it is compressed from 
side to side. In text-figure 8 a the oviduct and the brood-pouch 


Text-figure 6. Text-figure 7. 



Text-fig. 6 . — Kukenthalia horealin (Gottscli.). 

Trail Rvmc section of the genital pouch. X 110. 
od. Oviduct, pd, Vas deferens. 


Text-fig. 7. — Kukenthalia borealis (Gottsch.). 

The reproductive organs from the outside. X 23. 
hp. Brood-pouch. o. Ovarium. od. Oviduct. f. Testis. 
vd. Vas deferens. 


!text-figure 8. 



a ^ 

Kukenthalia borealis (Gottsch.). 

Sections through the genital pouchy showing the distal i>nrl of the oviduct and 
the rudimentary brood-jjouch ; cut obliquely. X 50. 

bp. Brood-pouch, od. Oviduct. 0 , Opening into the peribranchial cavity. 
vd. Vas deferens. 

are still separated ; fig. h shows how the oviduct opens into the 
brood -pouch, and in fig. c the opening into the peribranchial cavity 
is visible. 

Whether this blind sac is to be regarded as a vestigial trace or 
possibly as a rudiment of the bi*ooa-pouch, is a question which 
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ought to be examined in connection with that of the origin and 
formation of the whole complicated female organ. As it is 
diiieult to state anything for certain about the age of the 
individuals hitherto examined, we cannot draw any conclusions 
from the above-mentioned facts as to the presence of a rudi- 
mentary brood-pouch, even before the hrst egg has been laid. 

Another matter of interest is the question of the homology of 
the brood-pouch in Kukenthalia, Before deciding it, it ought to 
be investigated whether the brood-pouch of the species in question 
arises os a direct projection from the peribranchial cavity, or 
whether it is possibly foi’med in connection with the oviduct with 
which it, when fully formed, is so intimately connected. 

In other Ascidians in which a brood-pouch develops to receive 
the embryos, it is generally a diverticulum of the peribranchial 
cavity. 


Though the systeuiaticai position of KYik^nikaiui, borealis will 
not be discussed in this paper, X will, however, point out that, 
us the structure of the i^productive organs has been made the 
chief character in distinguishing the genera belonging to the 
group Polyzoivm^ the facts which have been ascei-tained by this 
investigation will no doubt be of decisive importance for the 
systematic |>osition of Kvkenihalia^ Comparing the reproduc- 
tive organs of the last-mentioned genus with those of the other 
genera of the gi'oup, we find that the most striking difiference is 
tlie presence of a brood-pouch in Kukenthxilia, Though the 
Pohjzoince have been the object of thorough investigation, 
especially with regard to the structure of the reproductive organs, 
nothing which correspomls to a brood-pouch seems to have been 
observed. One might thus conclude that it occurs only in the 
Arctic form, of which it is consequently chai’acteristic. 

With respect to the genital pouch, the beginning of analogous 
structures may possibly be found in some genera, though they 
have not attoined the same degree of development as in 
Kukenihalia. 

In certain respects, points of agreement may be found between 
Kukenthalia and Gyna/ndroca/rpa^ as, for instance, they agree with 
regard to the reduced number of the gonads and the structure of 
the testis {cf. Herdman pi. 44. fig. 4). 

]N^on-gonadial Sexual Probucts. 

Though 1 now venture to maintain that the presence of gonads, 
testis as well as ovary, in Kukenthalia horetUia is put beyond a 
doubt, and that it has been proved that ova and spermatozoa are 
produced in special organs, there are, however, certain facts 
concerning the reproduction of the species which still seem 

* Hei'dman, Williun A., " Bvport on the Tnnict. collected during tlie voyage of 
H.M.8. ‘ Cholknger ’ dnriiig the years 187»-7e,’' Part 8, vol. xiv. London, 1886. 
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unexplRined. Such a fact for instance, the presence of sexual 
products, L e, ova, in the mesoderm. 

Isolated ova have been observed before in the mesoderm of 
Kukenthalia, but it has not been made out where they cu*iginate» 
As no gonads, only isolated ova were met with, Michaelsen 
concluded that the female organs of Kukmithalia consist of ova 
diffusely placed in the mesoderm. Michaelsen writes as follows : 
‘‘DieseGattung weicht durch den Ban der weiblichen Geschlechts- 
organe vou alien iibrigen Polyzomen, ja, von alien Stydiim 
Uberhaupt, ah. Ich bezeichiiete die Gestaltimg desselben als 
‘ diffus/ da die sich entwickelnden Eizellen an kein bestimmt 
lokalisierbes Organ gebunden sind, sondern sich weit zerstreut 
im Innenkorper uud in den Blutl)ahnen anderer Organe, so 
besonders des Darines, sowie in den j ungen Knospen, vor- 
finden. Der iirspriingliche Orfc der weiblichen (lonaden ist. 
unbekaniit , , {I, c. p. 112). 

Though female organs of other structure have now l>een 
found, the observation that isolated eggs occur in the mesoderm 
proves to be right. According to my observation, they are, 
however, met with less abundantly than has been stated above. 
As it hardly can be thought that they originate in the above- 
described ovary, one must suppose that they are produced in 
the mesoderm, where they occur, though in no special gonads, 
L 6. non-gonad ially. This supposition seems to be verified by 
my observation of small ovaries or, rather, groups of eggs which 
are situated in the mesoderm close to the wall of the peribranchial 
cavity and in the vicinity of bud-rudiments. 

In KYikenthalia^ buds occur on both sides of the body ; on the 
left side they are to be seen in the vicinity of the reprodtictive 
organs above described. In the mesoderm of those bud-rudiments 
eggs have been observed, and even in very small bud-rudiments 
very large eggs are often visible. In all probability the eggs 
originate in the parent animal, the generative cells being sup- 
posed to wander from the latter; but the question is whether 
kxey are differentiated in the bud or have wandered at an 
advanced stage from the parent animal into the bud. But this 
is a problem which can be decided only after thorough investi- 
gation of the further development of the nou-gonadial ova as well 
as of the formation of the reproductive organs of the bud. 
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10. On the Variation of the Scapula irt the Batrachian 
Groups Aglossa and Arcifera. Bj’ Joan B. Pkocteb, 
F.Z.S. 

[lif^neivod October 29, 1920: Head March 8, 1921.] 
(Text-figures 1-10.) 

The variation of the scapula in the Batrachia Ecaudata is of 
considerable interest, both on account of its wide range and of 
its comparative stability within a genus. The present study has 
l>eon confined to the Aglossa and the Arcifeia as representing the 
most primitive types now living. I have examined all the 
skeletons in the collection of the British Museum, but this 
material, although large, is not as complete as one could wish. 

Text-figure 1. 


(•) 


Bufo httmatUicus, X2. 

{a) PtMjtoral girdle from withoal ; (6) scapula from within. 

p.a., pars ac7*omiali8. p.g., pars gUnoidalis^ bIi., shaft* sup. art., superficial 
articulation* f.u*, fovea acetabulum* c.f., central foramen* puc., paraglenoid 
cartilage. 

In the majority of species the scapula is about equal to the 
priecorRcoid in length ; it is usually rather slender in the middle 
and expanded at each end. The proximal end consists of two 
parts, generally se^mrated by a cleft : the upper or pars acromtalis 
is either in contact with the head of the prsecoracoid, or narrowly 
sepamtod from it hf acromion cartilage ; the lower or pars glewi-- 
dalis is much depres^d and concave, forming the bottom of the 
glenoid ciivity — it may be in contact with the end of the coracoid, 
or separated from it by paraghnovi cartilage* This cartilage also 
forms a subtrlangiilar knob projecting belovr the head of the 
prescoracoid, and attached to the heiul of the humertis by a liga- 
ment. The portion of tlie scapula between the glenoid cavity 
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and the supra-scapula will be alluded to as the shaft. A circular 
depression is often situated in the thickness of the slmft, where 
it becomes one with the •pars glenoidalis : it is called the super- 
ficial articulation, and forms the distal wall of the glenoid cavity ; 
opposite to it is the foma acetabulum, a similar depression in the 
extremitas scapularis of the coracoid, which forms the proximal 
wall of tlie glenoid cavity. 

In order that the varying proportions in tlie different genera 
may be fully appreciated, the length of the priecoracoid will always 
be given as 10 units and all other measurements standardized to 
this scale ; in this way the comparative reduction and develop- 
ment can be seen at a glance, as the normal length of the scapula 
should be about 10 also. 

In fossil frogs of the genus Pakeohatretchus, the scapula was 
shorter and moi'e compact than in the majority of modem genera, 
being three- to four-fifths the length of the praecoracoid, and about 
once and a half as long as broad at its expanded end. The para 

Text-figure 2. 



Scapula of Pataohatrachm sj>. ? X2. (After Wolterstorft’.) 


acromialis was not distinct from the ylenoulalia, but, accord- 
ing to Wolterstorfi*, a groove can be seen on the inner surface of 
the bone, in place of the cleft .shown by modern forms. 

The following figures are standardized from actual measure- 
ments given by Wolterstorff f. 


Examples. 


P.fritschii. P. grandipes. P. wetzUri. 


Length of praecoracoid ... 10 

„ scapula 6 

Breadth of „ (proximal) 3 
„ „ (distal) ... 4 


10 

10 

10 

6*4 

7*3 

8*5 

3*6 

4-5 

5-7 

4*5 

6-5 

6-7 


Although the size of the scapula varies in comparison with 
the prsecoracoid, its own proportions are remarkably stable. 
Wolterstorff’ says of itj: **Es finden sich nur wenige vielleicht 
nicht einmal specifische Verschiedenheiten.” 


^ Units of length. 

t * Uebor fos«ilQ Frosclie, in$beiiK>n(iore das Genus Palmo%utraeku$ * (Tbeil i. 
1880; Theil ii. 1887). 
j Op. cit. 
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PiPIDJB, 

A 8 in PalcBobratrctchtiS, the genera of this family have the 
scapula entire, without the cleft which separates the pars 
aoromiaUa from the pars gUnovdaUa^ at least partially, in all other 
families. This, together with the marked reduction of the 
scapula, constitute diagnostic characters for the Pipidae. 

XKNOPtrs Wagl. 

X hevis Daud. — Scapula vestigial ; subtriangular. Bliaft and 
pars acromialis completely absent; pa7*8 gUnoidalm containing 
the circular depression of the glenoid cavity. Head of praecora- 
coid in contact with supra-scapula. Occasionally the sonpula is 

Text-figure 3. 



Pt*ctoral girdle of Xenopus lavU. X2. 

(a) scapula distinct ; from without. 

{h) scapula not distinct ; from within. 

apparently wanting, having fused with the head of the pMecora- 
coid ; in most specimens this fusion is more or less marked, 
making the boundaries of the vestigial scapula difficult to trace. 

Example. 

Length of prsscoi'acoid 10 units. 

„ scapula (at base) 2*4 „ 

Breadth of „ (expanded end) 2*1 „ 

Length of supra-scapula 10*3 „ 

X. muMeri Ptrs. — Scapula ais in X. lasvi^. A figtire of the 
pectoral girdle is given by Peters ♦, in which it is absent. In 

* Fetors, * Reiee nach Motsamhique* (1S82) Taf. xxvi. IS a. 
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his specimen it is evidently incorporated in the praecoracoid, as 
desmbed above. 

X. caloaraim Buchh. <fe Ptrs.— Scapula as in X Icevisy but 
more easily distinguished, as the glenoid cavity extends to the 
upper border. 

X, clivii Peracca. — Scapula with a distinct, but vestigial, 
triangular shaft, the apex of which narrowly separates the head 
of the prsBCoracoid from the supra- scapula ; pars gknoicUdia as in 
X. Icevia ; para aoromialis absent. 


Example. 

Length of prrecoracoid 10 units. 

„ scapula (at base) 3*3 „ 

„ „ (upper edge) -55 „ 

„ M shaft 1*7 „ 

Breadth of „ (expande^l end) 2*8 „ 

Length of supra>scapula 9*4 „ 


In the tadpoles and young of X, IreviSy X, calcaratua^ and 
X muelleri the reduced condition of the scapula is somewhat 
less marked than in the adults; an extremely short shaft is 
present, precisely as in the adult of X, clivii. If ontogeny may 
be taken as a guide to phylogeny, X. clivii should be considered 
the most primitive species in the genus. 

This vestigial form of scapula, which even in A’', clivii does not 
exceed two-fifths of the praBcomcoid in length, and winch may 
be completely suppressed in other species, ren<lers Xenopna 
unique both among the Aglossa and Arcifem. 


Hymbnochtrus Blgr. 

H. hoettegeri Tornier. — Scapula much reduced, but less so than 
in Xenopua. Distal en<l expanded, proximal end narrowed, 
entire ; the whole wedge-shaped. Proximal end strongly over- 
lapped on outer surface by head of prft?coracoid. No glenoid 
cavity. 

Example. 

Length of praecoracoid 10 units. 

„ scapula (greatest) 5*5 ,, 

„ „ (upper edge) 3-1 „ 

Breadth of ,, (expanded end) 3*3 „ 

„ „ (least) 2-2 „ 

Length of supra-scapula 8*9 „ 


PiPA Laur. 

P. america/iia Laur. — Scapula compact, very much reduced, 
almost triangular when seen from within. Shaft vestigial; para 
acromialia strongly overlapped by head of praecoracoid on inner 
surface ; a strong crest and protul)erance on outer surface, bor- 
dering the glenoid cavity ; j^ra gle^noidalia much depresssed when 
seen from without, not distinct from para acromicUia when seen 
from within. 
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Example, 

Length of pwecoi’acoid 

„ scapula 

,, „ (free upper adge) 

„ „ shaft 

Breadth of „ (distal end) 

„ „ (least) 

Length of supm-scnpula 


10 tiuits. 
3-9 „ 

1- 9 „ 

M „ 

2 - 6 „ 
1-8 „ 
9-2 „ 


Text-figure 4, 



Pectoral girdle of Tipa amerieana. X2. 
(a) from wiiliiii ; (6) scapula from without. 


Aroifbra. 

In all the Arciferous genera in which I liave studied the 
scapula, its three main branches are all present, even if one or 
more of them is reduced. The pare acromialie is more or less 
separated from the pare glenoidalie by a cleft or foramen. 

Disooolossidas. 

As in Pipidee the scapula is greatly reduced. The pare 
acromialie more or less overlaps the pare glenoidalie, so that the 
cleft which separates them can only be seen when viewed 
obliquely. 

Discoolossus Otth. 

D. pietue Otth.— ^Scapula much reduced, its greatest length 
only half that of the pi^fBOoracoid. Shaft vestigial; pare 
acromialie well developed, but siiorter than pare glenoidalie; not 
overlapped by head of praecomcipid; pare gl^7widaUe well de- 
veloped, strongly depressed^ the sepirating cleft pierced hori- 
zontally. In eight skeletons of this species there appears to be 
no individual variations, 
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Example, 

Length of prwcoracoid 10 units. 


Breadth of 


la flower border) 

.... 5 „ 

(free upper edge) 

.... 31 „ 

shaft 

... 2-2 „ 

(distal end) 

.... 3-5 „ 

•scapula 

... 9-4 „ 

Text-figure 5. 




Pectoral girdle of Biscoglottm pietuUi X2; from within. 

Bombinator Merr. 

B. ignme Laur. — Scapula much reduced, suhtriangular in 
shape ; upper edge shorter than distal edge. Shaft vestigial ; 
pare axromialie much reduced, forming an oblique suture with 
head of praecoracoid ; pare ghnoidalie much depressed, longer 
than pare acromialxe^ from which it is separated by a notch 
rather than by a cleft. 

Eocample, 


Length of prsecoracoid 


„ scapula (lower border) 

4-3 „ 

„ „ (upi>er „ ) 

2-6 „ 

„ „ shaft 

1-7 

Breadth of „ (distal end) 

3-2 

Length of supra-scapula 

9-1 „ 


Text-figure 6. 



Pectoral girdle of Bombinator maximuet X2; from without. 

B, pachypue Blgr. and B, oHentalie Blgr. — Scapula as in 
B# igneue, 

B, maadmue Blgr. — Scapula as in B, igneue in shape and pro- 
portions, but differing in that the upper border and adjoining 
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head of priecoracoicl are thin almost to tmnsparency, forming a 
semicircular crest, the diameter of which follows the fiee iipj>er 
edge* 

The proportions of the scapula are reumrkal)ly stable within 
the genus UonxhinaAofr^ and ai*e highly chamcteristic. 

Alytes Wagl. 

A» ohstetrkans Laur.~ Scapula shoit, hut less reduced than in 
Di8coglo86U8 and Bomhinator, Upper liorder forming a semi- 
circular crest thin to tmnsjttirency, resembling Bomhimtior waxi- 
mu8 in this respect. Shaft reduce<l ; pars acromialis naiTow, in 
contact with head of prtecoracoid ; para glenoidalis broad, 
depressed, equal in length to pars acromialia^ the two over- 
lapping, so that the dividing cleft is pierced horizontally a ml 
only visible obliquely. 

Examph, 

i^eiigth of prajconicoid 

„ scapula (lower edge) 

„ „ (upper „ ) 

„ „ shaft 

Breatlth of „ (distal end), 

liength of Kupia-scapula 

Pelobatii>.e. 

In this family there is a wiiler generic divei’sity in the propor- 
tions of the scapula, which is not, however, grestly developed in 
any genus. In nil, the glenoid cavity is excessively deep, some- 
what undermining the pars acf^oiuuUiSy the lower e<lge of which 
circumscribes it above. 

ScAPiiiopus Holbr. 

A', solitariiis Holbr. — Scapula well developed, longer than 
praH*oi*acoid ; as long as the snpra-scapula. Proximal end well 
develoi)ed, sul)circular. Shaft long, "wedge-Kliaped : parsacromialls 
large, with crest-like upper border, lower border projecting ovei* 
and round glenoid cavity in a sti’ong ridge ; pars glenoidalis 
anni.lt, strongly depressed, the dividing cleft shoi*t and broad, 
forming a small oval foramen in the glenoid cavity, pierced 
vertically. 

Example, 

Length of pi*8ecoracoid 10 units. 

„ scapula (upper or lower bor<ler).,. 13 „ 

„ „ shaft 9*4 „ 

Breadth of „ (distal end) 5*3 „ 

(middle) ' • 2*5 „ 

Length of suptu-scapula 13 „ 
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Pelobatss Wagl. 

P. fu8CU8 Laui\ — Scapula well developed, thick, once and a 
half as long as prsecoracoid. Shaft oblong, twice as long as 
broad ; pars acromialis broad, the lower border of its outer 
surface with a ridge whicli runs round the glenoid cavity ; para 
glenoidalis much depressed ; dividing cleft short, forming an 
oval foi*amen pierced horizontally. 

Example* 

Length of pnecoracoid 10 units. 

„ scapula (lower edge) 15 „ 

„ „ shaft 10*4 „ 

Breadth of „ (distal end) 5 „ 

Length of supra^scapula (lower border) 15 „ 

P, cvltripea Cuv. — Scapula precisely as in P.fuscus* 

Pklodytes Fitz. 

P.punctatua Daud. — Scapula much reduced, sfjuarish in shape. 
Shaft shoi-ter than broad at distal end ; para acroimalia as broad 
as long, lower border of its outer surface forming a prominent 
lidge running round the glenoid cavity ; glenoidalis much 

Text-figure 7. 



Pectoral ginlle of Pelod^tes pmuftattis, X2, 
(a) from without; (5) scapula from within. 


depressed, subcircular ; dividing cleft short, pierced horizontally, 
only visible when viewed obliquely. 


Example. 

Length of pnecoracoid 

„ sea pi da ( u p{)er border) . . . 

„ » 

Breadth of „ (distal end) 

Length of supra-scapula (upper edge), 


10 units. 
5*6 „ 


4*4 

4*4 

9*4 


M 


In shape the scapula of Pelodgtes is very similar to that of 
PalceOhatrachus, which it resembles in many ways. Palfpoba- 
trachua^ however, lacks the proximal dividing cleft, which, 
though outwardly invisible, is present in Pelodyiea. 


Batrachopsis Blgr. 

E, imlanopgga i!)oria. — Scapula well developed, about once and 
a quarter as long as praBconicoid ; slender in the middle, 



0# THIG nCAVVhk ts TH« BATEAOIIIA. 


205 


distal end broader than proximal. Shaft long, wedge-shaped ; 
pa9*8 acnmiaUs with straight oblique upper border, up^r half of 
proximal end free; para glenoiMia much depressed, slightly 
undermining para acrcmuAia ; dividing cleft short, pierced hori- 
zontally, only visible when viewed obliquely. 


, Length of pwecoracoid 

„ scapula (upper or lower edge) ... 


Breadth of „ (distal end) . . . . 

„ „ (middle) 

„ „ (proximal end) 

Len^h of supm-scapula 


10 units. 
12*2 „ 
9-4 „ 
61 „ 
2*5 


5 

11-6 


»» 

» 


Mbgalophrys Kuhl. 

M, pelodytoidee Blgr. — Scapula well developed in all its parts, 
as long as the prsBCoracoid. Shaft wedge-shaped, as long as broad 
at distal end ; para acromicdia with an oblique stmight crest 
along its upper border, rising to a sharp point proximally ; lower 
ridge of outer surface with a pmminent ridge running round the 
glenoid cavity ; upper half of proximal end free ; para glenmdalia 
much depressed ; dividing cleft short and broad, pierced 
obliquely, forming a fommen, which is longer when vieured from 
within tlnui when viewed from without. 


Text-figure 8. 



Pectoral frirdle of Megaiophrys parva. X2. 
(a) from within ; (b) ironi without. 

Example, 

Length of prtecoracoid 

„ scapula 

„ „ shaft 

Breadth of „ (distal end) 

Length of supm-scapula 


10 units. 
10 „ 
6-2 „ 
6-2 „ 
11-3 „ 


M, major Blgr. — Scapula similar in form to that of M. pelody- 
toidea with the exception of the para acromicdia^ the crest of 
which has a |>aracentric upper edge ; upper half" of proximal end 
free. 

M. parva Blgr. (=a? Xenophrya mcniicola Gthr.). — Scapula as 

15 * 
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in M, major ^ In this species the prsBCoracoids are reduced, and 
do not meet each other in the middle ; the scapula is, therefore, 
longer than the praacoracoid, but not longer than ite distance 
from the edge of the epicoracoidal cartilage* 

M, monta^ia Kuhl. — Form of scapula as in M, major, but 
slightly larger than the pvaacoracoid, which is normal in length. 

M, longipes Blgr. —Scapula as in M. major, 

M, fem Blgr. — Form of scapula similar to that of M, major, 
with the exception of the distal end of the shaft, the lower corner 
of which is somewhat produced, making the lower lx>rder of the 
scapula once and a quarter the length of the upper border ; 
lower border of scapula describing an inverted semicircular 
curve, Pars aci^omialis with a semicircular upper edge. 

Although there is specific differentiation within this complex 
genua, the form of the scapula is highly characteristic. The 
equal development of the shaft, the 2 )ar 8 acromialis, and pars 
gUnoidalis, together with the oval central foramen, pierced 
horizoiitally, and the highly developed crest of the/^ars aci'omialis, 
are chai-acters common to all the species. 

HyLIDjE. 

In this family the scapula is usually normal in its proportions, 
and al)out equal in length to the prmcoracoid. In some inshinces, 
liowever, it is gmitly reduced in lengtli, esjHJcially the shaft. 
The cleft between the pars acromialis and pars glevoidalis is 
always brojid and open, pierced vertically, and visible from with- 
out and within as a large oval foramen in the middle of tlie glenoid 
cavity. The pars gleaoidalis is reduced in size, and always 
shorter than the pars acromialis, part of it presumably giving 
place to the central foramen. 

Hyla Lain*. 

II, maxima Laur. — Scapula normal in its proportions, equal in 
length to the prjccoracoid, and having all the family charac- 
teristics already described. Shaft once and a quarter as 
long as broad at distal end ; pars ghnoidalis separated from 
coracoid by cjirtilage ; superficial articulation and fovea ace^a- 
bulum very distinct. 

£,vample. 


Length of pinccoracoid 


„ scapula (upper border) 

10 „ 

„ „ shaft 

9-1 

Breadth of „ (distal end) 

6'4 „ 

„ „ (middle) 

27 „ 

„ pars acromialis 

1-8 „ 

„ pars gUnoidalis 

1-8 „ 

Length of pars acromialis, 

2-7 „ 

„ pars gUnoidalis 

1-8 „ 

„ supra-scapula 

11-4 
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In the following species the scapula is as in H, inaainui : — 
H, faher Wied, IL alboma/rginata Spix, H, hoam Daud,, IL taurina 
Fitz,, If, venuloaa Laur., H, nigromacnlata Tschudi, II, domini* 
cemis Bibron, H, versicolor Lee., If, ptilckeUa D. & B., II, arhorea 
L., H, macrops Blgr., H, coprulea Wlute, H, doliehopsis Cope, 
H, av,rea Less., H, lesueurii D, & B., IL imsuta Gray, H, gratiosa 
Lee. 

In IT, licheyiata Gosse and H, haudini D. & B., the scapula is 
a little longer than the prsBcoracoid. 

Although Hyla is a very large genus, it will be seen that the 
scapula i.H remarkably stable in its proportions. It is not of 
much use, however, as a diagnostic character, as it is of the form 
most commonly met with in this family, 

Nototrema Gthr. 

X, marsupiatum D. h B. — Scapula elongated, once and a 
quarter as long as prfflcoracoid, very slender in the middle. Shaft 
as long as pi jecoracoid ; pars acromialis and pars gleiioidalis ns in 
I/yla maxima, 

Pternohyla Blgr. 

P.fodiens Blgr. — Hcapula as in II, maxima, 

NYrriM ANTIS Blgr. 

X, papm Blgr. — Scapula as in If, 'nmxivia, 

Aqalyciinis Cope. 

A, moreletii A. Diun. — Scapula as in //. maxima, 

PllYLLOMEDUSA Wagl. 

P, dacnicolor Cope. — Scapula abnormally developed, about twice 
as long as praecoracoid, and about twice and a half as long as 
broad at distal end. Shaft about once and a quarter as long 
as prnftcoracoid, very slender, expanding at distal end ; pars 
acromialis not in contact with hea<l of prapcoracoid ; pars 
g^ioidalis very much reduced, bninching whlely from pars 
acromUdis ; central foramen very large, oval. 

P, bicolor Bodd. — Scapula similar in form to that of P. dacuL 
color, but even moi'6 developed in length, being twice and a 
quarter the length of the praecorncoid. Shaft once and three- 
quarters the length of praecoi^oid ; pars acromialis separated 
from head of praBcoracoid on outer suiiace by acromion cartilage, 
in contact on inner surface. 

Example, 

Length of pnecoracoid 10 units. 

„ scapula flower border) T,. 23 „ 

„ tapper „ ) 24 „ 

„ shaft 17 „ 


>» 
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Breadth of scapula (distal end) 
„ „ (middle)... 

„ pars acromialis 

„ pars gle^ioidalis ... 

„ central foramen . . . 

Length of „ „ 

„ pars acromialis ... 

pars gUuoidalis ... 
„ supra-scapula 


10*2 units* 
2*6 „ 
3-5 „ 


2*2 

4*4 

3*5 

1*7 

14*8 




Text-figure 9. 



Pectoral girdle oi Fh^tlom$dum hicoJor, X2; from without. 

P. huriyisisteri Blgr. — Scapula as in P, dacnicolor. 

This form of scapula is highly characteristic of the genus 
Phyllomedusa, 

Triprion Cope. 

T, petasatm Cope. — Scapula as in Hyla maxima, 

Bufonid.®. 

In this family the scapula is usually normal in its proportipns ; 
the pars glenoidalis is equally developed to the pars acromialis, 
Ko important variations occur. 

Eupemphix Steind. 

E, naitereri Steind. — Scapula normal in its proportion^ ; 
slightly longer than prascoracoid ; slender in the middle ; similar 
in sliape to that of Batrachopsis melanopyga. Dividing cleft 
between the two pars short. 

Bupo Lflur. 

B, vulgaris Laiir. — Scapula normal, upper border about as long 
as preacoracoid, lower border a little longer. Shaft stout, sub» 
triangular ; pars acromialis somewhat diamond-shaped, with a 
straight, oblique upper edge; pars glenoidalis much depressed, 
narrower, but equal in length to the pars a^omiedis^ from which 
it branches, forming a Y of which the shafts represent the tail ; 
pars glenoidalis widely separated from coracoid by paraglenoid 
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cartilage ; superficial articulation and fovea acetabulum strongly 
marked. 


Examph, 

Length of prsecoracoid (greatest). . 
„ scapula (upper border) 

„ „ (lower „ ) 

sbaft • 

Breadth of „ (distal end) .... 

,, » (middle) 

yy pare acromialie 

„ pare glemidalie 

Length of snpiii-scapula 


10 units, 

10-7 

»> 

12-2 


7-9 

>> 

7-9 

»» 

36 


4*3 


2*15 


12*8 



In the following species the scapula is like that of 7?. vuU 
garvi : — B. hrematiticus Cope, /i. calarnita Laur., B, viridie Lfiur., 
B, hiterweclius Gthr,, B, levtiginosifs Shaw, B. marinns L., B. 
ci'^iicifer Wied. 

In B, latifrons Blgr., /?. tulterosus Clthr., /?. melanoetictue 
Schn., B, daviger Ptrs., B. qnadrtpnrcatne Hlgr., B. ti/phoniae L., 
and B. valllrepe VViegin , the senjmla is a little longer than the 
pnecioracoid, but of the same form as that of B. vulgar ie. 

In /?. graiudoem Spix the scapula is a little shorter than the 
pra>coracoid, 

Thei’e is remarkably little variation in this genus, in some 
species the is somewhat shorter than in others, 

and there is slight variation in the length of the shaft. 


Example to show Range of Variation in Bufo. 


B, gramUosm, B, melano$Uclut, 


licngth of piwcoracoid 

10 units. 

10 units. 

„ scapula (lower boi-der) . 

7-7 „ 

14-2 „ 

„ „ shaft 

fi-2 „ 

10 „ 

Breadth of „ (dishd end) ... 

6-2 „ 

71 „ 

„ „ (niidflle) 

3-3 „ 

3 „ 

„ pars acromialie 

4-6 „ 

3 

„ pars qlenoidalie 

,, 

3 „ 

Length of supra-scapula 

10-4 „ 

14-3 „ 


B, melanoetictue has been chosen as an example of the more 
developed type of scapula, as, being a common Mahiyan form, it 
forms an interesting com|)ari8on with B. granulosus from 
E. South America. 

The equal development of the pars acromialie and pare 
gUnoidalie in length, together with the fact that the latter is 
always widely separated fi*om the coracoid by cartilage, dis- 
tinguishes the scapula of Bufo from nearly all other genera of the 
Arcifera (see text-fig. 1). 

Rhinophrynus D. k B. 

dorsalis D. & B.-— Scapula as in Bu o. 
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CrSl^KATHID^, 

111 this family the scapula is extremely variable. It may be 
slender or stoutly formed, shorter than tlie pr»coraooid or 
abnormallly elongated. The range of variation is large as in' 
Hylidae, and very much greater than in any other families of the 
Arcifera. 

PsKUDis Laur. 

1\ }Htra(loxa^ L. — Scapula equal in length to the pitecoracoid, 
rather stout, parallelogi'ammic in shape ; superficially similar in 
shape to that of PelMytea punctaiihs. Upper lK)rder of shaft 
bearing a thin straight-edged crest; para acromialia broader 
than loTig ; para yhmklalis narrow, obtusely pointed, pa,i*tially 
sepamtetl from jmra acroviMla by a notch forming part of a 
small oval foramen pierceil obliquely. 

Example. 


Length of praicoracoid 


„ scapula 

10 „ 

„ „ shaft 

6-7 „ 

Breailth of „ (distal einl) ... 

fi-7 „ 

„ V (middle) 

6-7 „ 

Length of supra-scapula 

13-4 „ 

Calyptooephalus D. k B. 

C. gayi D. & B. — Scapula normal in i 

its proportions, hut large 

in comparison with the other bones 
Longer than prcecoi-acoid. 

of the pectoral girdle. 


Telmatobius Wagl. 

T.jelkaii Ptrs. — In this species all the bones of the pectoral 
girdle are extremely stout in comparison with their length. 
Scapula equal to the prascoracoid in length, stout. Shaft 
sc|uarish ; jmra aoronvialia aixl para ylenoidalia both well de- 
velopeil, sepai-ated proximally by a veiy small cleft or central 
foramen. 


Example, 

Length of prajcoracoid 

„ scapuhi (upper border) 

,, ,, silSift 

Breadth of „ (distal end) 

,, „ (middle) 

„ para acromialia 

para glenoidalia 

Length of supra -scapula 


10 units. 


10 

5*3 

6-7 

4 

4-7 

3*3 

12-3 




Blohia Tsch, 

E. hufonia Qir.— Scapula equal to the prajcoracoid in length, 
rather slender, but of normal proportions. 


* Bones pule greea> as in Mapptn ehloroatea BS. Blgr* 
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Hylobes Fitz. 

H.raniformis Blgr. — Scapula a little shorter than the pr»- 
coracoid, but well developed. Pa/rs glenoidalis smaller than pars 
ucromiiMs ; dividing cleft short. 

H. fleMmanni Boett. — In this species the scapula is subject 
to slight individual variation. It may be equal to or a little 
longer than the priecoracoid. 

H, Ihieatm Schn. and I£» martinicensis Tsch. — The scapula is as 
in if. ranifomiis. 

The scapula in Hyhdee is somewhat like that in Hyla as 
regards the relative proportions of the shaft, para acromialisy and 
para glemidalia. They differ, however, in that the dividing cleft 
is short in Ilylodea, forming a very small central foramen instead 
of a very large one, as in Ilyla, 

Ceratophbys Boie. 

C. hole Wied. — Scapula greatly developed, once and a half 
as long as prsecoracoid. Distal end of shaft about twice 
width of proximal end ; para a/ormiialia and para glencgdalia 
normal ; dividing cleft short, forming a very small centml 
foramen ; a small poi*tion of acromion cartilage exposed between 
head of piwcomcoid and end of para acro^malia. 

In C. oraata Bell and C. mmricanu T). &> B. the scapula is as 
in C, hoie. 


Kxamph, 


Length of priecoracoid 


„ scapula 

16-2 „ 

„ „ shaft 

11 „ 

Breadth of „ (distal end) 

5 „ 

„ ,, (middle) 

2-3 „ 

Length of supiu-scapula 

13-7 „ 


Leptouactylus Fitz. 

L. pentadactylaa L. — Scapula equal to or slightly longer than 
praBcoracoid ; stoutly form^. Shaft broad, half length of prte- 
coracoid ; para acromicdia well developed, partially separated 
from head of priecoi'acoid by acromion cartilage ; gUnoidalia 
well developed, strongly depressed; dividing cleft short and 
broad, forming an oval fommen, pierced horizontally, haidly 
visible from outer view. 

/>. ooellatm L. — Scapula as in Z. pentadactylua, 

Hvlorhika Bell. 

if. silvatioa Bell..— Scapula as in ffyla. 

Limnodykastss Fitz, 

L, peronii D, & B.— Scapula w’ell developed, longer than prse- 
coracoid ; distal end twice the width at the middle. Shaft as 
long as prfiecoiiiooid ^ pars <$ermiiaiis somewhat diamond-shaped, 
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having a /\-sbaped upper edge; pars gU^ioidalis alto well 
developed ; dividing cleft short, forming a small central foramen* 
L. dorsaiis Grny,*— Scfipula as in L, peroniL 
L. ar^iattis Giuy. — Scapula more elongated than in L, peraniu 

Example, 


Length of priecoracoid 


„ scapula 

16 


,, „ shaft .....I 

11-6 

ft 

Breadth of „ (distal end) 

5 

>> 

„ „ (middle) 

2*5 

tt 

Length of suprn- scapula 

15 

» 


Oryptotis Gthr. 

C, hret^is Gthr. — Scapula equal in length to the praBcoracoid ; 
normal in its proportions. Dividing cleft pierced horizontally as 
in MegaHop^it^fa, 


Chiroleptis Gthr. 

C. australis Gray. — Scapula greatly developed, about once and 
three-quarters length of priecoracoid ; slender in the middle. 
Shaft twice as long as broad at distal end, about once and a 
quarter length of preecoracoid ; pai*8 aa^omialis well develope<l, 
subtriangular, similar to that of hacirachopsls melanopyga ; 
pars glenoidalis smaller than acrornialis; dividing cleft 

pierced obliquely. 


Example, 

Length of prrocoi'acoid 10 units. 

„ scapula 17 „ 

>1 shflft 1 ,, 

Breadth of „ (distid end) 7 „ 

„ „ (middle) 2 „ 

Length of snpra-scapula 12(?) „ 


C, plMycephalus Gthr. — Scapula similar in form to that of 
C, australisy but much shorter in proportion. 


Eoccmple, 

Length of praecoracoid 10 units. 

„ scapula 11*2 „ 


Helbioporus Gray. 

U, alhopunetatus Gray. — Scapula abnormally developed ; twice 
and a half as long as preecoracoid ; slender in the middle, 
greatly expanded at distal end, where it is almost the length of 
the prsBcoracoid in width. Shaft once and three-quarters length 
of prsBcoracoid ; pars aeromialis well developed, completely in 
contact with crescentic head of prsBcoracoid ; pars gUnoiMis 
also in contact with head of prwcoracoid, partially separated 
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from and of coracoid by cartilage, longer than pmrt acromialis ; 
dividing cleft pierced horizontally, only visible when viewed 
obliquely. 

^ /T. pioiua Ptrs. — Scapula as in H, alhopunctatm. 


Example, 

Length of pr^ecoracoid 10 units. 

„ scapula * 25 „ 

„ „ shaft 17*5 „ 

Breadth of „ (distal end) 8 8 „ 

„ „ (middle) 2 „ 

„ pare acrovnicdia + glenoidalia 8’8 „ 
Length of supra-scapula 17*7 „ 


Text-figure 10, 



Pectoral girdle of ITel^ioporus X2 ; from within. 

The abnormal development of the scapula in this genus is 
similflr to that in PhyUoviediiaa as reganls length. In Phyllo- 
weduaa, however, the para glenoidalia is much smaller than tlie 
para acroinialis, which is sepaiated from the head of the pr»cora- 
eoid by acromion cartilage ; also the dividing cleft is long and 
broad, forming a very large central foramen, pierced verticsdly. 

Summary and Conclusion, 

These data are sufficient to show that the form of the scapula 
is remarkably stable within a genus, and that in many instances 
it is so highly characteristic that a glance at this bone alone 
suffices to recognize the genus to w^hich the skeleton belongs. 
This is the case tiiroughout the Pipids and Discoglossidse, and, to 
a great extent, in other families. In the most recent families, 
however, there are many genera conforming to one pattern of 
scapula, which makes the diameter, in these cases, worthless for 
diagnostic purposes. 

Of the genera which I have studied, the greatest specific varia- 
tion occurs in Bufo ; in Uyla^ which is a very large genus, there 
is practically none. 

Although in many ways the Pelobatid genera resemble Pcdceo- 
hairaiehua^ the Aglossa must be regarded as having the most 
primitive type of scapula, as in IHpa^ HymenocMrus^ and Xmopus 
the proximal end of the bone is entire. In all other gemvaP 

* Geuera of the Arciihra. 
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the pars acromialis and pars glenoid^alis are separated from each 
other by a cleft, or at least a notcli (Bombinator and Pseudis), 
This character seems to be of much greater iin[K)rtance than 
mere size, and corroboiates the conclusion of Wolsterstorff, who 
says * : “ Palceobatrachus verbindet im Systeme die Aqlossa mit 
den Arcipira.'* 

In spite of generic stability the variation is enormous, par- 
ticularly in the length of the shaft* Xenopas^ on the one hand, 
in which the scapula is absent or represented by the pars 
glenoidalis only, mnging to PhyUomsdxisa^ Ceratopkrys, and 
Jhhioporm^ in which it is enormously developed, in Jleleioporus 
being twice and a half the length of the priecoiucoid. 

It is astonishing that such a useful bone as tlie scapula should 
have been overlooked for so long. The following key is based on 
this character alone : — 

A. Proximal ond of scapula entire . PiPiD^. 

B. Proximal end of scapula cleft. 

I. lieugth of scapula 1 or less than I length of prascoracoid. Discoolossidjs. 

II. Length of scapula more than i length of pra^coi'acoid. 
a. A largo oval foramen pierced vertically in glenoid 

cavity ; pars gUmidalis greatb reduced . . HvLiPiE. 

h. Foramen, if pierced vertically in glenoid cavity, 
moderate or small ; often represented by a cleft 
pierced obliquely or horizontally PklobatiI)*. 

BUFONIDiK. 

CXSTIONATHIDJC. 

I am unable to find reliable family characteristics which 
differentiate between the Pelobatidte, the Bufonid®, and the 
(Jystignathid®. 

* Op. ciU 
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11. Notes on Marine Wood-boring Animals. — II. Crustacea. 
By W. T. Calman, D.Sc. 

(Submitted for rublication by permiMion of the Truiteee of the Britieh Museum.) 

[Received November 17, 1920 : Bead March 8, 1921.] 

The Crustacea collected for the Committee of the Institution 
of Civil Engineers include, I)e8ide8 species already known to bore 
into wood, a number of others, the presence of which in tlie 
damaged timl>er is probably accidentiiU Tlie possibility, however, 
that some of these also may prove to be destructive makes it 
desirable to recorfl tbeir names. The actual wood-boring species 
ill the collec’tion are all well-known, and little of importance is 
added to our knowledge of tbeir distribution, but the opportunity 
lias been taken to confirm, by direct comparison, the suggested 
identity of the Indo-Pacific Sphceronia terehrcma with the Atlantic 
S, de$U*uctor. 

As in the case of the Teredinidee, the occurrence of European 
species of wood-boiing Crustacea (Limnoria and Chelura) in 
Australia and New Zealand has been attributed to introduction 
by wooden ships. It is true that neither of them, so far as I know, 
lias lieoii recorded as living in ships^ timbers, but their appearance 
in widely-separated localities, while distinct species of the same 
genera occur at intermediate points («. (/., at Christmas Island, 
Caiman, Ann. Mag. Nat. Hist. (8) v. 1910, p. 181), is suggestive 
of some such means of transpoi*t. 

Oi*der ISOFODA. 

8ub-order Flabellifrra. 

Sphasroma tkhbbrans Spence Bate. 

S, terebrans Science Bate, Ann. Mag. Nat. Hist. (3) xvii. 1866, 
p. 28, pi. ii. fig. 5; Stebbing, Spolia Zeylanica, ii. 1904, p. 16, 
pi. iv. ; Hansen, Q. J. Micr. Sci. xlix. 1905, p. 116; Stebbing, 
Ann. S. Afric. Mus. vi. 1908, p. 49; Chilton, N.Z. Journ. Sci. 
Tecbnol. ii. 1919, p, 12; Caiman, Marine Boring Animals, Brit. 
Mus. (Nat. Hist.) Economic Ser. No. 10, 1919, p. 21, fig. 11 ; id,, 
Committee on AStructures in Seii* water, Inst. Civ. Engineers, 1st 
Hep. 1920, p. 70, pi. i. fig, 5; Baimard, Ann. S. Afric. Mus. xvii. 
1920, p. 358. 

vastator Spence Bate, Ann. Mag. Nat. Hist. (3) xvii. 1866, 
p. 28, pi. ii. fig. 4. 

S, liichardson, Proc. Biol Soc. Washington, xi. 1897, 

p. 105, text-figs. ; id,, Amer. Nat. xxxiv. 1900, p. 223 ; id,, Prot*. 
U.S. Nat. Mus. xxiii. 1901, p, 534; id,, Bull. U.S. NaU Mus. 
liv. 1905, p. 282, text-figs. 

Locality, — Brisbane, Queensland. Specimens forwarded by 
Mr. E. A. Cullen, Engineer for Harbours and Rivera. Fi'om 



216 DB. W. T. CAL&IAN ON 

Jettie^^ 5 miles from river entrance in Moreton Bay, in Swamp 
Mahogany (Tristanm maveohm) and Ironbark (Euoalyptu$ 
panimJAta). Many specimens. 

Specimens are in the Museum collection from Wyong River, 
New South Wales, and Brisbane (Prof. Chilton), Travancore 
(Trivandrum Mus.), Isipingo River, Natal (Durban Mus.), and 
St. John’s River, Palatka, Florida (U.S. Nat, Mus., syntypes of 
S. destructor RicWdson). 

Benusrks. — This species has already been recorded from Bris- 
bane by Prof. Chilton. 

Barnard has recently adduced further evidence in favour of 
Stebbing’s view, disputed by Miss Richardson, that the Indo- 
Pacific species is identical with 8, destructor Richardson, from 
Florida. No one, however, has hitherto been able to base this 
identification on a direct comparison of specimens. By the 
courtei^ of the authorities of the U.S. National Museum, who 
have presented syntypes of S. destructor to the British Museum 
(Nat. Hist.), I have been able to compare these with specimens 
from all the other localities mentioned above. 1 have failed to 
find any diflference that can be regarded as specific. Both Stebbing 
and Barnard have indicated a certain amount of variation in the 
tubercles and ridges of the doiml surface, and this is shown more 
conspicuously by the specimens now examined. The specimens 
from Brisbane grow to a greater size (11 ‘5 mm. total length) 
than the syntypes, and have the tubercles on the sixth and 
seventh peraBon-segments very low ; the submedian tubercles on 
the teisonic segment are distinctly elongated in an antero- 
posterior direction, and the gmnulation of the telsonic segment 
is less close than in the syntypes. The Ti-avancore specimens 
agree better with the synty|>es in their smaller size, generally 
more pi’ominent tuWcles, and clo.ser granulation of the telson, 
but they differ in having the submedian tid)ercle.s of the telson 
distinctly smaller than those of the lateral pair. The Natal 
specimen bears a close resemblance to those from Biisbane. 1 
have only been able to observe one character in which the Indo- 
Pacific specimens agree with one another, while differing from 
the syntypes. Seven specimens from Wyong River, Brisbane, 
Travancore, and Natal were found, on dissection, to agree with 
Stebbing’s account in having three large setae and a small one on 
the inner plate of the maxillula. Miss Richardson found in her 
specimens five strong plumose setae and occasionally a sixth one 
that is feeble.” The single syntype that I have dissected has five 
large setae and a small one on the maxillula of one side, but on 
its fellow there are six setae of equal size. In none of the other 
characters mentioned by Miss Richardson is there any constant 
difference to be detected 

* 8, pBruvianum Richardfion (Proc. U.S. Nat. Mu*, xxxviii. 1010, p. 81, text-fipr*. 
3 and 4), found boring iti the roots and steins of mangroves on the coast of Peru, is 
very similar to the species here discussed, hut the broadly-rounded terminal segment, 
the longer antennules and antennic, and other characters indicated l>y Miss Jtichai'd* 
son may justify its sepaiatiou. I have seen no s|K;ciincns. 
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Hansen has alr^dy stated that this species is to be included in 
the genus Sphamnna as restricted by him. Ovigerons females 
in the Brisbane collection agree with his definition of the genus 
in having large overlapping oostegites, while the eggs (and 
embryos) are contained in internal pouches opening by four 
pairs of large slits on the sternal surface^ as in 8. rxigioavda and 

A large number (well over a 8coi*e) of males have been ex* 
amined, which, from their size (up to 9*5 mm. in length), from 
the fact that they were found in the same gathering with 
ovigerous females and from the presence on the last thoracic 
sternite of a pair of penes, would ordinarily be I'egarded as 
adults. Two individuals were dissected and found to have the 
wisa deferentia distended with bundles of filiform spermatozoa. 
Nevertheless, in no case was theie a trace of an appendix 
nimcvtlina or even of a marginal thickening on the second 
pleopods*. Hansen states (op. cit. p. 88) tliat an appemdix 
niasciilina is present in mlult males of all the genera of Sphiero- 
midai except Dyiiamene and AndneUa^ but he notes that in the 
subfamily it “does not appear before the animals are 

nej\rly full-grown, while the penes are present at a much earlier 
stage. His account of Cymodooe pilosa (op. cit. p. 89) suggests 
caution in de<ndiiig as to the sexual maturity even of large 
individuals. Nevertheless, the conclusion seems to be justified 
that the ap}>endix nioHcidina is not developed in 8ph(eroma terC'- 
hrans^ which in this I’espect forms an exception among the 
species of the genus. 

Crustacea associated with S. tei’obrans. — Stebbing has i*ecorded 
the occurrence of the little Asellotan lais pubescens in association 
with 8 , terehram at Ceylon. He had previously given an extended 
description, with figures, from specimens taken on ExospJucroma 
gtgas at the Falkland Islands (Proc. Zool. Soc. 1900, p. 549, 
pi. xxxviii.). The collection of iS. terebrans from Brisbane includes 
numerous specimen8,and that from Natal a solitary young specimen 
of what is probably the same species. Some of the Brislvitie speci- 
mens carrying eggs do not excee<l 2*24 mm. in length (Stebbiiig’s 
Falkland specimens reached 2*6 mm.). They have not more 
than 13-14 segments in the flagellum of the antenna, the uropods 
are nearly half as long as the abdomen, and the exopod of the 
uropods is much longer than the peduncle and definitely longer 
than the endopod. 

Bpecimens Wnd on Exosplwsroma gigas finm the Auckland 
Islands difibr from these and agree with Btebbing’s Falkland 
Island specimens in having more numerous segments in the 
flagellum of the antenna (22, while Btebbing records “attaining 
to 25 ”), the uropods not more than one-third as long as the 
telsonic segment, and the exopod of the ui*opods equal to the 

* Flarnaid notet the aHnence of the sppesiix m<i$<nUina in the single male (9 mm. 
in length) examined hy him, 
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peduncle and shoi'ter than the eiidopotl. The distal segments of 
tiie autennules are a good deal less slender than in the Biisbane 
specimens. 

I am unable to perceive any other difierences of importance, 
and, while it might be considered that those enumerated would 
justify giving a new varietal or even specific name to the Brisbane 
specimens, 1 prefer to await further evidence from other localities 
regarding the range of variation in this widely-distributed species. 

Among the Brisbane specimens of iSphwrfmia terebrans wei‘e 
numbers of another SphflBr*omid, apparently belonging to the 
genus JSxosphcBromaj but differing from all the described species 
of that genus. There seems to be no leason for suspecting this 
species of complicity in the destruction of the timber. The 
body is more depressed than one would expect to find it in a 
bun’owing animal, and the mouth-parts are much less prominent 
than they are in Sphcm'onia terelyrans. 

Somewhat more suspicious is the case of an Isopod of which 
a collection was sent from H.M. Dockyard, Himon’s Town, by 
Lieut. L. H. A. Shadwell, R.N.V.R. The specimens were from 

Greenheai-t caml)er piles', W. yard,** and were labelled as 
Sphasronia. They proved to l>elong to the species Parisodadus 
Btimpsoni (Heller), agreeing closely with Barnard's description 
and figures (Ann. S. Afric. Mus. x. 1914, p. 399, pi. xxxii. G), 
and being of the smaller size (male about 7*5 mm. long) which he 
mentions as characteristic of specimens from the east side of the 
Cape Peninsula. Here, again, the general form of the body and 
the disposition of the mouth-jmrts are not such as to suggest a 
boring habit. On the other hand, the timber in question must 
have been attacked by some boring animal, and if Sphm^oma 
terebrans had been present in numbers sufficient to cause visible 
damage it could hardly have been entirely overlooked by the 
collector. 

The only other animals in this gathering were two specimens 
of Cirolana sulccUa, Like its congeners, this species is no doubt 
predatory and not at all likely to attack wood. 

LiMXORiA LiGNOKUM (Rathke). 

Cf/niothoa lignorum Rathke, Skrivt. Naturh. Selsk. Kj^benhavn, 
v. (i) 1799, p. 101, pi. iii. tig. 14a-c?. 

Limnoria terebrans Leech, Edinburgh Encyc. vii. 1814, p, 433 ; 
Coldstream, Edinburgh New Philos. Journ. xvi, 1834, p. 31ti, 
pi. vi. 

Limnoria lignorum White, Pop. Hist. Hrit. Crust. 1857, p. 227, 
pi. xii. fig. 5; Bpeiice Bate and Westwood, Brit. Sessile-eyed 
Crust, ii. 1868, p. 351, figs. ; Harger, Rep, U.S. Comm. Fish. vi. 
1880, p. 373, pi. ix. figs. 55-57; Hoek, Verb. K. Akad. Wet. 
Amsterdam (Tweede Sectie), i. No. 6, 1893, 103 pp., 7 pis. ; Bars, 
Crust. Norway, ii. 1897, p. 76, pi. xxxi. ; Chilton, Ann. Mag. Nat. 
Hist. (8) xiii. 1914, pp. 380 & 448 ; tcL, N.Z. Journ. Sci.Technol. 
ii. 1919, p. 3, figs.; Caiman, Marine Boring Animals, Brit. Mus. 
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(Nat* Hist.) Economic Ser. No. 10, 1919, p. 17 ; icZ., CJommittee 
on Structures in Sea-water, Inst. Oiv. Engineers, 1st Hep. 1920, 
p. 68, pi. i. fig. 4. 

Localities, — Leith. Specimens forwarded by J. Dalgleish 
Easton, Deputy Superintendent, Port of Leith. From Jetties, 
in White Pine and Pitch Pine. Many specimens. 

Southampton. Specimens forwarded by F. E. Wentworth 
Shields, Docks Engineer, L. A; S.W. Railway. From Outer Dock, 
in American Elm. Pew specimens. 

Simon’s Town, Cape of Oood Hope. Specimens forwarded by 
Lieut. L. H. A. Shad well, R.N.V.R., Officer in charge of works, 
H.M. Dockyard. From creosoted Danzig timber. No. 3 slip. 
Few specimens. 

Auckland, New Zealand. Specimens forwarded by Mr. W. H, 
Hamer, Engineer to the Auckland Harbour Board. From 
Totara timber. Many specimens. 

Remarks, — As the European L, lignorum has already been 
recorded from S. Africa (Port Elizabeth) and Auckland, the 
records given above do not extend its known range. 

In stating that in Europe . . . Lim'noria lignorum seems to 
be constantly associated with Chelara terebrans'* Chilton (1. c. 
1919, p. 6) is repeating a statement frequently made, but cer- 
tainly erroneous. At Leith, and elsewhere on the east coast of 
Scotland and England, while Limnoria is abundant, there seems 
to be no record of Chelura, 

Order AXPHIPODA. 

Suborder Gammaridea. 

CuELUBA TEREBRANS Philippi. 

C, terebrans Philippi, Arch. Naturgesch. li. 1839, p. 120, pi. iii. 
fig. 5; Stebbing, Das Tierreich, xxL, Garamaridea, 1906, p. 693 
(with references) ; Chilton, Ann, Mag. Nat. Hist. (8) xiii. 1914, 
p. 380; w?., N.Z. Journ. Bci. Technol. ii, 1919, p. 6. fig.; Cai- 
man, Marine Boring Animals, Brit. Mus. (Nat. Hist.) Economic 
Ser. No. 10, 1919, p. 20; id,, Committee on Structures in Sea- 
water, Inst. Civ. Engineers, 1st Rep. 1920, p. 71, pi. i. fig. 6. 

Localities, — Southampton, Specimens forwarded by F. E. 
Wentworth Shields, Docks Engineer, L. & S.W. Railway. From 
Outer Dock, in American Elm. Few specimens. 

Simon’s Town, Cape of Good Hope. Specimens forwarded by 
L. H. A. Shad well, R.N.V'.R., Officer in charge of works, 
H.M. Dockyard. From creosoted Danzig timber, No. 3 slip. 
Many specimens. 

Remarks, — This species ha.s been recorded by Chilton {I, c.) as 
destructive in Auckland Harbour, but specimens forwarded from 
Auckland as Chelura proved to be Corophium contr actum G. M, 
Thomson, a species, no doubt harmless, also recorded by Chilton. 
Peoo. Zool. Soo.— 1921, No. XVI. 16 
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I leara from Mr. Hamer, however, that this is merdy due td 
a transposition of labels, the Chdwra^ whose identity with the 
European species is vouched for by Prof. Chilton, being abundant 
and well known at Auckland. 

It appetirs doubtful whether there is any trustworthy record of 
Chtlura occurring apart from Limnoria. The gathering from 
Simon's Town seemed at first sight to consist exclusively of 
Chehtra, but on closer examination 13 specimens of Limnoria 
were discovered among move tlian 300 of the other genus* If 
these numbers are at all representative of the proportion in 
which the two species were living in the wood, the great pre- 
ponderance of Chelura is very remarkable. The only previous 
record of Chelura from South Africa appears to be that of 
Hammersley-Heenan, who found it at Port Elizabeth in 1893 
(Trans. S, African Phil. Soc. v. p. 316), and it is noteworthy that 
no mention is made of its being accompanied there by Liinnwia^ 
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12. Colour-production in relation to the Coloured Feathers 
of Birds. By A. Mallook, F.R.S., F.Z.S. 

[Becftivod February 7, 1921 ? Read Februaiy 22, 1921.] 
(Text-figures 1-4.) 

TJie brilliant colouring of many birds and the forms of the 
feathers on which this colouring appears, present many points 
of interest both in regard to the means by which the colour-efiTect 
is produced, and to tlie processes of selection which have led to 
their development. 

Ill the present note I touch only on the physical side of the 
pioblems, and hope to give some idea of the many ways in which 
colour may be produced by the action of white or composite light 
on matter, and of the effect of the forms of various feathers in 
modifying the appearances which the more intimate structure of 
the material produces on the incident light. 

If any object appears coloured when viewed in white light, it 
shows that the matter of which it is composed exercises some 
selective action on the composite light falling on it, absorbing or 
tmnsniittiug ceiiiain colours and reflecting or scattering the 
remainder. This selection may be of two kinds; namely, a 
relation between the periods of light of various wave-lengths and 
tlie molecular periods of the matter on which it falls, or on a 
relation between some distance or spacing in the structure of the 
substance and the wave-lengtlis themselves. 

The first of these relations includes all pigment colours, and 
the second those which are known as interference effects. 

In the following table I have given a list of all the types of 
colour- production with which I am acquainted, and I believe 
tliat these will cover every known case, although the actual 
dynamics of a largo proportion are very doubtful, involving as 
they do the dynamics and constitution of the molecule. 

Colour ma}^ be produced by : — 

I. 

A relation between the ^^eriods of waves of light and the 
molecular periods of the colour-producing matter : 

Examples^ 

Diaiwrsion, ' PriBinatic Colours, Raiubows, etc. 

i.». (tependenoo of wove velocity on j Powdered glass or other colourless trans- 
wave-length. I parent material immersed in a duid of 

the same mean refraction index but 
1 diflereiit dispersive power. 

,AU dyea apd pigments, which may bo The greater number of coloured «»olids 
transparant a^ scatter or transmit and fluids, 
waves of certain periods and absorb 
the reminder. Or : — 

Reflect certain periods and ti'ansmit the Aniline coloura in crystal or dry fllms, 
remainder, and many other crystals. 
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Are opaque and reflect ceilain periods 
and absorb the rest. 

Complete opacity may arise either from 
the absorption of ul wave periods or 
by complete reflection. 

Fluorescence and Phosphorescence. 


Opaque pigments such as lead chttMuate^ 
etc. 

Jjamp-black. 

Silver and most white metals. 


II. 

A relation between the wave-lengths of light and the 
structural dimensions of the matter which appears coloured : 

Examples, 

Reflection or transmission from or | Colours of thin plates, 
through a striat<»d or laminated i Mother-of-pearl, 
structure. I Lipmann films. 

I Diffraction gratings. 

{ Pitted surfaces with pits of uniform 
I depth. 

Scattering or transmission of light by [ Red of sunset, 
particles of sizes comparable with the * bight, seen through vapours or omul- 
wave-length, but irregularly distri- sions. 

hated. , Blue sky and the colours of the sea and 

; rivers. 

j Glass coloured with gold. 

Supernumerary rainbows. 


III. 

The colours of polarization in most cases depend both on 
molecular structure and on the linear dimensions (measured 
along the paths of the rays) of the l>odies which exhibit them. 

With regard to the first class, little is known concerning the 
intimate structure of matter. It is a fact, however, that light- 
waves travel more slowly in solids and liquids than in vacuOy and 
that the velocity is in some unknown way dependent on the wave- 
length. 

In most cases this is best represented by assuming that the 
ether is, as it were, loaded by matter, while in some others 
it would appear that the elasticity of the ether is affected. The 
difference may be exemplified by a stretched string which has a 
definite period settled by its length, tension, and mass. If the 
string is loaded, the period is increased by an amount depending 
on the added load, but an equal increase in period may be pro- 
duced by relaxing the tension. If the shape of a transparent 
body is such that the direction of light after passing through it 
depends on the velocity of the waves in the interior, as for 
instance in a prism or sphere, the emergent light will appear 
differently coloured in different directions. 

In the case of pigments, it is most probable that the individual 
molecules have a natural period identical with that of some of the 
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periods of the incident light, and that the colours which they 
reflect or transmit are due to resonance. 

The actual dimensions, forms, and rigidities of molecules are 
unknown, but their diameters are apparently of the order of a 
ten>millionth of a centimetre; and one may inquire what the 
longest natiiml period of a sphere 1/10,000,000 cm. diameter 
would be if it were as rigid as steel, or, which comes to the same 
thing, what is its least natural frequency. Without going into 
the details of the calculation, it may be stated that this leiist 
natural frequency is somewhere al^ut 5 X 10'"* vibrations per 
second. All the other natural modes of vibration would have 
higher frequencies, and there is good reason to suppose that the 
rigidity of molecules far exceeds the rigidity of the matter foimed 
by their aggregation. The fi*equency of yellow light is 5 x 10^* 
vibrations per second. Thus it seems that the natural frequencies 
of molecules and of visible light-waves are at any rate of the 
same order. 

All these pigmentary and dispersion colours depend on the 
constitution of the molecule itself. In the second class it is the 
relation of the size of pai-ticles, or on their disposition in space 
as compared with the wave-length which determines the selective 
influence of the matter on white or composite light. 

The origin of the colouring presented to view aa the result of 
selective action of the structure on wave-length can be fairly well 
determined by the following tests : — 

(a) Mechaniwil compression or extension, 

(b) Immersion in various fluids. 

(e) Change of colour with the angle of incidence of the light. 

Of these, the compression test is the most decisive ; for, if the 
mechanical dist,ortion of the structure changes or obliterates the 
colour, it may be assumed that the colour itself depends on some 
special arrangement of the parts, and not on the molecular pro- 
perties of the material of which it is built up. 

There may be some apparent exceptions, as for instance when 
a material transmits one colour with less loss than another, so 
that the pi*edominating colour is dependent on the thickness of 
the layer through which the light travels (e. g. manganese glass 
or a solution of chlorophyll). 

In the circumstances, however, in which this test is applied 
to organic structures, such as feathers, tliese exceptions will 
hardly operate. 

The greater part of the colours of feathers have their origin in 
pigments of the nature of which little is known. Except in 
one instance, no solvent has been found for them, and the 
pigments themselves vaiy much in physical properties. Some 
are nearly opaque, while others are transparent and traiiih^ut the 
eomplementary colour. Many, again, polarize the incident light, 
and this fs especially noticeaUe with transparent yellows. These 
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farm rather brllliattfe objects when viewed between crossed 
nicols. 

But by far the most brilliant colouring of birds has its origin 
in interference, that is to some periodic structure in the sub- 
stance of the feather, where the spacing of the parts is a multiply 
of the half wavo-lengths of the light they reflect. Such is the 
caseamong humming-birds, sun-birds, peacocks, birds of paradise, 
and ducks, to mention only a few instances of what are spoken 
of as “metallic” colouring. 

All these colours disapjmr when subjected to pi:essure, and in 
all eases the' colour- producing substauc^e is confined to a very thin 
layer overlying an iiitensely opaque black or brown substratum. 
The general eftect when viewed from a distance depends to a 
great extent on the form of the surfaces on w’hich the colouring 
layer is disposed. If these surfaces are planes, the lelative 
positions of the eye and source of light with regard to the feather 
has to be rather carefully adjusted, in order that any colour may 
be visible. 

When, however, the surfaces ai*e rounded, the range of incidence 
is much extended, and fi*om almost any point of view some 
colour appears, although the intensity is lessened > just, as a tray 
of small glass beads will scatter sunlight in all directions 
although the intensity in any ono direction is much less than 
what would be produced by a piano mirror adjusted to leflect 
lights in tliat direction only. 

Tlie examples chosen all show distinctive structure peculiar to 
the orders to which’ the examples belong. 

A feather may l>e described as consisting of a stem, branches, 
and leaves (text-fig. 1) (named by zoologists respectively i-Achis, 
mmi or barbs, and barbules, the latter sometimes as carrying 
barbicels). It is in tlio modifications of the leaves that the 
distinctive features are found. 

I will notice these in order. 

In all the ornamental feathers of Humming-Birds the branches^ 
but especially those of the gorget, are so beat that their ends 
are parallel and the colour-bearing surface is on the loaves. A 
cross-section of the branches and leaves forms a succession of 
hollows in text-fig. 2 e. 

The section of the leaves themselves is something like the 
numeral 7 (text-fig. 4 c), and tlie colour- producing material lies 
in a thin layer on the upper surface of the leaves, aud is nearly a 
plane, so inclined that the normal makes an angle of o.bout 60^ 
with the branchy but lying in a plane parallel to the latter. (Tin's 
angle varies in different species.) 

To keep the leaves in this position, each barb terminates in a 
curved plate (text-fig. id), which interlocks with the similar plates 
of the two or three leaves in advance. 

Each branch ends in a long bristle (fig. 2 b), which, when the 
{damage is in go6d order, lies in the trough of the valley f orn^4 



tut THiB FBA 1 ?HEES OF BIADfiU 


m 


by the leaves and branches of the succeeding feather. This 
bristle is only found in the bead- and gorget-feathers. The body- 
feathers, where coloured, end as shown in text-fig. 2 c. 

From these arrangements it happens that the best display of 
colour occurs when the body of the bird is in the nearly vertical 
position it assumes when hovering. 

In the Sun-Bird each, leaf has a curious rasp-like shape, and 
the upper colour-producing surface is in the form of 3 or 4 
convex plates, in each of which the virtual image of the sun or 
other source of light appears as a coloured spot. 

The chief peculiarities of the metallic feathers of Birds of 
Paradise are that the leaves are only developed on one side of the 
branch, and are so disposed with reference to it as to be pamllel to 
the stem (text-fig. 3 b). The upper surface consists of more or less 
rounded lobes, and the cross-section is shown in text-fig. 3 c. This, 
so far as I have observed, is the rule in all the metallic feathers, 
whether on the head, wings, or tail. 

In the Rifle-Bird, which is a near connection of the Birds of 
Paradise, the leaves are only developed very slightly on that side 
of the branch on which, in the true Bi^s of Paradise, they 
are absent. 

In the Peacock and all other pheasant-like birds, the leaves 
are of the form shown in text-fig. 4 a, b. The cross-section of the 
leaves is comma-shaped and the whole structure is transversely 
corrugated. The colour layer lies on the upper surface of the 
“ dot ” of the comma, which thus presents a series of rounded 
knobs to the light, each giving rise to a spot of colour. 

In the head-feathers of D^ks the colour is developed on the 
leaves on both sides of the brancli, but in the speculum, on one 
side only, the uncoloured leaves lying below the coloured part of 
the adjacent branch and serving t» lock the two in position. 

As before stated, all these feather colours disappear when the 
structure is compressed. For this test I place the feather 
between a quartz plate and a plano-convex lens of the same 
material, of a foot radius, these being mounted to fit on the stage 
of a microscope. The only difficulty in applying this test is 
to separate a suitable part of the coloured matm^ on which to 
operate. The result is a conclusive proof that the odours are 
not due to any form of pigment, and strong evidence that they are 
due to interference. Most feathers are extremely imj^ermeable 
to fluids, but in certain cases (the Peacock for instance), when 
immersion takes place, the colour changes at once to one of a 
longer wave-length : blue becomes green^ green yellow, and so 
on. Where this happens it is evidence eith^ that the featha* is 
to a certain extent permeable by theftuid used, or, more probably, 
that the colour-production depends on some qudity or giuin of 
the outside surface. ^ 

The greater number of the metallic feathers which 1 have 
experimented with show no change on immersion in any ordinary 
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Text-figure 4, 



Fi;?. 1. I)iagrHini«<itlc drawing of ii t\»tttber,sUowdiig Rteni, Branches, and Leaves. 
Fig. 2 a. Feather from the gorget of Humming-Bird (X2U). 

2 ft. Termination of single branch of same feather (X30). 

2 c. „ „ ,t of coloured body- feathers from the same 

bird (X30). 

2 (1. Termination of gorget-feather (X 130), showing the leaves and their prolon- 
gations which serve td keep the former regularly spac(*d, and the 

planes of tlieir upper surface inclined at a constant angle to the axis of 
the branch. 

2 e. CroHs*swtiou of gorget -feat her, parallel to the line XX of 2a (X20). 

2f. Cross-section, paralhd to X X of 2 d, of single branch of the same feather 
( X 130). Note the sections of the prolongations of the leaves at p p. 

2(/. Irfongitudiiial section of the Kaine, parallel to Y Y of 2d. 

Fig. 3 a. Feather from the wing of King Bird-of- Paradise by reflected light (X40). 

3 ft. Part of a single branch of same feather (X130), showing leaves developed 

on ono side of the hranch only. 

3 c. Cross-soction of leaves, parallel to X X in 3 6 (X220). 

3 d. Longitudinal section of one of the leaves of same feather. 

Fig. 4a. Branches of blue feather from Peacock’s neck by transmitted light (X80). 

4 ft. The same by reflected light (X40). 

4 c. Cross-section of single branch of same (X130). 

4 d. Part of a single leaf of same, seen in perapective. 
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fluid (alcohol, xylol, chloroform, oil, etc.), but strong acids in 
time cause the colours to change towards the ted end of the 
spectrum. 

I^e most penetrative fluid which I have tried is the solution 
of iodide of mercuiy in iodide of potassium. Tl|is, when concen- 
trated, rapidly destroys the feather substance, but in dilate 
solution merely penetrates into the interior. The gorget-feathers 
of the Humming-Bird (from Gosta Eica) reflect a brilliant like, 
L e. a mixture of red and blue, but after a few hours^ immersion 
in the iodide solution, the i*ed distippears and the blue changes to 
a \*ery bright green. 

All these metallic colours shift towards the blue as the angle 
of incidence of the light inomses, as do the ordinary colours of 
thin plates ; but this is not a proof that both have the same origin, 
for many of the aniline colours when in thin dry films show 
somewhat similar changes depending on the angle of incidence. 

Hichelaon in America has compared the metallic colour of 
some beetles with those of the anilines, and has given reasons 
(connected with similarity of the polarization of light reflected by 
both) for believing that the origin of the colours in the two ctises 
is of the same kind. 

The pressure test, however, seems to make this conclusion 
invalid. 

The coloiu's seem to me to be more allied to those of Lif)mann 
films, ill which layers of reduced silver are s^mced at half wave 
intervals, and in the <^*a.so of metallic feathers I believe that one 
or two layer’s of optically dense material are the sources of 
interference. 

Although half wave-lengtlis can be readily resolved by high- 
power microscopic objectives, it is almost im])ossiblo to cut sections 
thin enough (viz. less than •00002 in.) to use with such powers. 
At least I have cut many hundred sections, but although in some 
cases a laminated structure seemed to be present, this was due to 
a diffraction effect. aS was evident from the changes in the dimen- 
sions of position of the apparent lamina which occurred with the 
change of focal adjustment. 

In the case of the Lipmann films, the layers of reduced silver 
are readily seen if the sections are expanded by wetting, though 
I have not been able to resolve them satisfactorily when dry. 
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13^ Fossil Bird-remains collected by Dr. Forsyth Major in 
Sardinia, Corsica, and Greece. By E. T. Nbwton, 
F.H.8., F.G.S., F.Z.S. 

fBeoeived ITebrunfry S, 1921 : lUad Maixh 22, 1021.] 

In the year 1891 Mr. R* Lydekker* gave an account of some 
Pleistocene Bird-remains which had been collected by Dr. Forsyth 
Major in Sardinia and Corsica, These remains were from three 
localities — (1) Tavolara, an island on the N.E. coast of Sardinia ; 
(2) Monte San Giovani, in the S.W. of the same island; and 
from (3) Toga^ near Bastia, Corsica. From these localities some 
score of species were recognized more or less definitely as follows: — 


(1) Tavolara, 


Coracias ef. abyssinicus. 

Corvus corone. 

Coccothmustes vulgaris. 

Frill gilla coelebs. 

Serinus bortiilanus ? 

Columba cf, livia. 

Coturnix communis. 

Puffin us of. fuliginosus. 

„ ef. anglorum. 

„ allied to chlororhy ncbus. 


I Most 
I common. 


(2) Monte San Giovani. 

Bubo cf. cinerasceiis. 

Milvus cf. ictinus. 

A(|uila s]). 

Vultui cf. monachus. 

Pyrrhula eurojwra. ^ 

Alauda arborea ? 

Turdus luusicus. 

Hirundo rustica. 

Puffiuus cf, fuliginosus. 

(3) Toga, near liastia, 

Tunlus merula. 

Columba cf. livia. 

Aquila sp. 

Some years later Dr. Forayth Major made further explorations 
of the Pleistocene deposits in the Mediterranean islands, and 
obtiiiued a larg^ number of Mammalian and other vertebrate re^ 
mains, not only from the above-naified places, but also from several 
new localities. Among these were many bones of birds, which 

^ Proc.,ZiK)l, Soe. 1891, p* 467. 



230 


ME. B. T. NEWTON ON 


Dr. Forsyth Major in the year 1908 (just before he left England) 
submitted to the present writer with a view to their identification. 
This agreeable task was accomplished some years ago, and the 
results have been awaiting Dr. Forsyth Major’s description of 
the Mammalia ; but, as he is still absent fi*om England, it seems 
desirable that a brief account of the Avian remains should be 
published. 

Some of these are from the same localities as those described 
by Mr. E. Lydekker, and, as they include some additional 
interesting species, these will be first considered. 

(1) From Tavolara, N.E. Sardinia, there are in the present 

series several vertebrae belonging to a genus which 

Mr. Lydekker found so abundant; but besides these I have 
recognized bones of the Common Swift {Oypaelus apus Linn.) 
and Alpine Swift ((7. melha Linn.), also a small Crake {Porzana 
parva% Scop.) and the Storm-Petrel (Procellaria pelagica Linn.). 

(2) From the second locality, Monte San Giovani, there is only 
one Passerine humerus. 

(3) From Toga, near Bastia. I have a nearly perfect humerus 
of a Chough (Pyrrhocorax gractdus Linn.), which is distinctly 
larger than the humerus of the Alpine Chough. 

(4) Grotta di Funtamdti, 

Specimens from this and the following localities were not 
included in the series sent to Mr. E. Lydekker and alluded to 
above. 

The Grotta di Funtanedu is near Bastia, N.E. Corsica, and is 
situated 400 metres above sea-level. It has yielded a good 
number of birds’ bones, and some 34 species have been identified ; 
but each of these is represented by only a few bones. 

As no account of Avian fos.sil remains from this cave hns 
hitherto l>een published, it will be well to give a detailed list of 
the species recognized : — 

Passebes. 

Missel-Thrush, l^urdus viscivorus Linn. 

Song-Thrush (or Eedwing). 2\ muaicus’^' Linn. 

Fieldfare. 2\ pilaris Linn. 

Blackbird. T, merula Linn. 

•Large Thrush. I'urdus sp. (? T, varius Pallas), 

Wheatear. Saxicola cena tithe Linn. 

Whinchat. Pratincola ruhetra Linn. 

Redstart. RuticiUa phc&niciurus Linn. 

Robin. Erlihacm ruhecxda Linn. 

Willow -Wren, Phylloscopiis trochilus Linn. 

•Dipper ? Cindus aquaticm ? Bechst. 

Wagtail. Mot(mlla higtjhris ? Temm. 

Titlark . A ntkus pratensis Lin n , 

Rock-Pipit ? A. ohseurus ? Lath. 
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Linnet. AcmUhis cannahhia Linn. 

Chaffinch. Fringilla coeleha Linn. 

Starling ? Stumua ? 

Chough ? Pyrrhocorax grcusulua ? Linn. 

Jay. Qarrulus ghmdariua Linn. 

Jackdaw. Corvua monedvla Linn. 

Skylai'k ? Alauda arvensia ? Linn. 

^Shore-Lark ? Otocorya alpeatria ? Linn. 

PlOAKliB. 

Swift. Gypadua apua Linn. 

Striqbs. 

Short-eared Owl ? Aaio cuscipiirinua ? Pall. 

Accipitres. 

Eagle. Aquila sp. 

Sparrow-Hawk. Accipiter niaua Linn. 

Kestrel. Faloo tinnuncvlm Linn. 

Anseres. 

Wild Duck ? Anaa hoacaa% Linn. 

CoLUMBiE. 

W ood- Pigeon . Columha palmd>ua Linn . 

Gallin.®. 

Red-legged Partridge. Cmmhia rufa Linn. 

Quail. CoiumLv cormmmia Bonnat. 

PULICARIiE. 

Cnike (small form). Porzcviia parva ? Scop. 

LlMlCOLiE. 

Redshanks ? Totumia calidris ? Linn. 

Gaviai. 

Tern, Sterna fluviatill8% Naum, 

(5) Grotta di Brielia, 

This cave is situated in the same locality of N.E. Corsica as 
Funtauedu, but about 300 metres lower down — that is, about 
100 metres above sea-level. From this I have identified bones of 
Thrush^ Blackbii*d, Wheatear, and ’^Magpie {Pirn nistica Scop.), 
the last-named species being an addition to the fauna of these 
i.slauds. 

(6) Gradicchia Cave, 

This is another cave near Bastia, which may possibly be pre- 
historic ; but probably even more modern. From it are 
recognized Ixines of Blackbird, Crow (or Rook), Fowl, and (it may 
be) Pheasant. 

(7) Margins Cave, 

The Margine Cave is situated^ near Nouga, Corsica, and from 
it remains of only two birds have been identified — the Chough 
{Pyrrhocorax graculua L.) and a Pigeon. 
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(8) Oroiiu Ad Capo, 

This cave is at Sa|frO| hear Sisio^ Cape Oorso, ST. Corsica^ and 
among the fossil remains Thrash and Blackbird are the only 
Avian species recognized. 

(9) MmU Santa C<mn 

Monte Santa is near Cuisba in K.*W. Sardinia, and from this 
cave we have repiesentatives of two biixJs — the Bed-legged 
Partridge {Ca^ahU rufa Linn.) and the Woodcock {Scdopaoo 
rmticida Linn.). 

10. NeBaMa^ Isle of CerigOy Greece, 

The remains of four species of birds are recognized among 
these Grecian island fossils— namely, Blackbird, Rook (?), Pigeon, 
and Barn-Owl (Strix fammea Linn.). 

The species mentioned in these notes are without exception 
living forms ; but those marked with a star (♦) have not hitherto 
been recorded from these Mediterranean islands t. I>r. Forsyth 
Major appears to have no doubt as to the deposits at all the 
above localities, excepting No. 6, being of Pleistocene age, and 
doubtless the Mammalian remains which he has collected will 
justify this opinion ; but the Birds, being ‘Only referable to 
modern species, offer no sure grounds for a judgment in this 
respect. As remarked by Mr. R. LydekkerJ, many modern 
species of birds, especially among Passerine forms, are distinguished 
by their plumage rather than by any osteological differences, and 
possibly these fossil bones, although like those of modern species, 
may have been differently clothed in Pleistocene times, and in 
this way have differed from their descendants of the present day. 

Since these notes were written, I have had the pleasure of 
seeing the valuable and detailed work of M, M. Boule on the 
Vertebrate fossils from the Grimaldi Oaves §, in which many 
Birds’ bones are beautifully figured and carefully descn’bed. As 
might have been anticipate, these caves of the mainland have 
yielded a very similar Avian fauna to those of the Mediterranean 
Islands. 

Dr. Forsyth Major’s specimens will be deposited at the 
Natural History Museum, Bouth Kemsington. 

t See John Whitehead, “Ornithological Notes from Corsica,*' Ibis, 1885, 
no. 24-48 and plate. 

t Proc. Zool. Soc. X891, p. m, 

§ * Les Orottes de Grimaldi ’ (Monaco, 1919), Tome i. Fasciciilns tv. p. 299. 
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14. Th« Oriental Species ‘of the Genus Callistomimut 
(Coleoptera, Carabidse). By H. E. Andrewes *. 

[Received December 13, 1920: Read March 22, 1921.] 

(Plate I.) 

Having some new species to describe in this genus, I thought 
it would- be desirable, if it were also possible, to deal in one 
.paper with all the species at present known. 1 have been 
fortunate in securing the loan of a number of type s, and in 
receiving permission to see others ; in this connexion 1 have to 
offer my thanks to Dr* Gahan of the British Museum, Dr. Gestro 
of Genoa, Dr. W, Lundbeck of Oopeiihagen, Mr. Rene Oberthur, 
Mr. E. Fleiitiaux, and Mr. Guy Babaulfe, To Mr. Severin of 
Brussels my thanks are not less due, for at my request he made 
an exhaustive search in the Brussels Museum — unfortunately with- 
out result—for the types of the two species described by Putzeys. 

In 1872 Ohaudoir described the genus Callistoniimm (Bull. 
Mosc. ii. p, 382), which he differentiated from Calliaim by the 
edentate mentum and some other characters. In the following 
year Bates described a new genus from China under the name of 
lHimt<ytn,(ichapni8 (Trans. Ent. 8oc. Lond. p, 323) for an insect 
(/\ which was widely different, especially in the form of 

the prothorax, from any species of the group then known. In 
desciibing a number of new species in 1892 (Ann. Mus. Civ. 
Gen. pp. 303-7), Bates discusses the i-elationship of the two genera, 
I'emarking in conclusion “so that there I'eraains only the 
prolonged hind angles of the thorax, sepnmted from the base by 
a deep sin nation, to distinguish FrisUmaclicertisJ^ 

In examining various species, including some hitherto 
undescribed, I find a number of links connecting the extreme 
forms of the prothorax ; the difference is one of degree not of 
kind, and in such species as CaUistoniimus coarctahis Laf. iuid 
C. littoralis Motch. the hind angles of the protliorax are sharp 
and the sides of the base distinctly, though only slightly, 
emarginate. I have endeavoured for some little time past to 
keep the genem distinct, but I have now seen intermediate forms 
which render this no longer possible, and I therefore treat 
• PriHofrmeh(8ni8 as a synonym. 

As in GaUisim the outer maxillary lobe is in one piece. Bates 
pointed out, when describing PriBionuicfi^JBrtcSj that the maxillie 
projected far beyond the mandibles, and this is sometimes the 
case. In connexion with this, however, there is frequently an 
optical illusion, which struck me when examining a Idng series of 
a new species. Normally the mandibles are tightly closed, and the 
maxilliB project as long slender shafts in front of them ; when 
the mandibles are opened, it is seen that the relative difference 
in length of the two organs is considerably less than at first 

^ Oottuntmicftted by 8. A. Nbavx, B.A*, F.Z.S, 
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sight appeared to be the case. There is also a point to note in 
connexion with the Hgula, which) as in Callistus^ is said to be 
bisetose. Actually there are two long set«e placed close together 
on the middle of the apical margin and directed a little down- 
wards, but there are also some very fine set«i on each side. 
These latter seem very liable <iO abrasion, but apparently there 
are about three such minute hairs on each side of the apical 
margin . 

Chandoii* tliought that CalUsius and its allies were related 
to Anchonoderm, and in this he was followed by Lacordaire. 
Schaiim and G H. Horn put them near Chlcpnius^ and both 
Bates and Ganglbauer have followed this example. 1 agree with 
the latter, but think that the unjointed outer lobe of the 
maxillje and the elongate inner one, together with the 
pubescent palpi necessitate a separate group, in which I follow 
so good an authority as Bates. 

I propose in the following pages to give first of all a brief 
account of the generic characters, then a catalogue of the species, 
followed by a dichotomic table, and finally descriptions of the 
new’ species, together with additional notes on some of the old 
ones, where the information aflTorded by their authors appeared 
inadeciuate. In difierentiating closely allied species I am aware 
that it is generally undesira))le to rely too much upon colouivibut 
in the insects which T am here considering, especially the smaller 
ones, the structural characters vary little, and 1 have been com- 
pelled to make use of the colour scheme in my table of species. 

Generic Characters. 

lAgula dilated and truncate at apex, bisetose but with some 
additional minute seta? at sides of apex ; paragloasw membranous, 
adnate to near apex, extremities rounded, extending lather beyond 
ligula. Meutum edentate, lobes sharply contracted . in front, not 
much rounded, pointed at apex; epilobes narrow, extending 
slightly in advance of lobes. Maxillve exceptionally long and 
narrow, with relatively few bristles on inner margin, especially in 
upper part, sharply hooked close to apex, outer lobe in one piece. 
Palpi long, slender, setose, pointed at apex, penultimate of labials 
plurisetose on inner margin. MandihUa long, almost edentate, 
wide at baKse, slender and very sharp, but hardly hodeed, at apex. 
Labrum transverse, generally emarginato, sexsetose at apex, 
minutely setose at sides. Clypeua truncate, a seta not far from 
front angle on each side. Eyes prominent, one supraorbital seta. 
Antenim thick, setose, densely so from joint 4. 

Upi^er surface densely punctate and setose ; hind angles of pro- 
thorax usually acute, with a more or less deep emargination 
between them and middle of base; hind body subpedunculate ; 
elytm 9-striate, with a fairly long scutellary striole between 
suture and stria 1, l>ase unbordered over first three intervals on 
each side, sides without sinuation or visible internal fold near 
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apex; under surface shiny, coarsely but not densely punctat>e, 
ventral sutfaoe moi^e finely punctate, metepisteina not much 
lonjirer than wide; legs slender, tarsi setose on upper surface, 
joint 1 longer than 2-h3, cf front tarsi with three dilated joints, 
more or less quadrate with rouiHh3<l angles (as in Chlanmut\ 
joint 1 narrowed towards base, densely pilose beneath, claws 
simple. 

Catalogue. 


acuticuUiH (Csllitftuf)), Fsinn. Aim. 8()C. Kitt. Fr. 1889, p. d^ynnfuxuuB 

(FrUtowaehairui) Maiiidr. Hull. Hoc. Eiit. Fr. 1909, p. 275. Yuuimn. 

belli, up. 11 . S. India, 

rauliopa (PriHtomachierus) Hatea, Ami. Mtt«. Civ. Gen. 1892, p. 806. Hanna, 

coyloiiicua Dupuis, Ami. Hoc. Kiit. Bclg. 1913, p. 6. Var. of Httoralis, 

Motcli. Ceylon. 

chalcocephaluK (PaiiaiciBun) Wied. Zool. Mag. ii.l. 1828, p. 57 ; Cliaiul. 

Hull. Mohc. 1861, iv. p. 351 ; id. Ami. Hoc. Eiit. Helg. 1878, p. 84 ; 

Hates, Scietitific Kesnlts Yark. Miss. 1891, p. 4=»me8§ii 
{Pri»tomach€Bru$) Hates, Trans. Kut. Hoc. laiitd. 1873, p. 824. 8. China, 


[iido«China, N. India. 


? Java. 

chloroceplmhis (Panagaats) Kollar, Ami. Wien. Mas. i. 1835, p. .335, 
t. 31. f. 4 ; Chaud. Ilull. Mosc. 1861, iv. p. 351 ; id. Ann. Hoc* 

Knt. Helg. 1878, p. 84. ? India, 

coarctatus (CalUstus) Laf. Ann. Hoc. Ent. Fr. 1851, p. 230. N. India. 

d'aWeui, sp. n. N. and Cent. India. 

dicflSoiii Wat. Ann. Mag. Nat. Hist. (5) xiv. 1884, p. 429} Audr. 

Trans. Ent. Hoc. Loud* 1919, p. 197. Formosa, 

dux, sp. 11 . Bamia. 

eucharis (Pristomacluerus) Hates, Atm. Mus. Civ. Gen. 1892, p. 305. Burma, 

liumemlis, var. iiov. Var. of iikmWiis Hchaiiiii. Indo-Cliiiia, Hunna, N. India, 
insularis, var. nov. Var. of modeetus Hchaum. Java, 

jucnndus, sp. n. S. India. 

Itthioidet (Pristomaclnerus) Bates, Ami. Mus. ('iv. Gen. 1892, p. 306. Bunna. 

littoralis (CaUistii><) Motch. Kt Ent. 1859, p. 33; Hates, Comp. Rend. 

Hoc. Ent. Ilelg. 1891, p. B27 ^ ice^woodi {Cullittv) Hchaum, 

Berl. Ent. Zeit. 1863, p. 85. India, 

tuodestus (Callistus) Hchaiim, Bin’U Eiit. Zeit. 1868, p. 85; Bates, 

Trans. Ent. Hoc. Loud. 1873, p. 246 ; id. Ann. Mus. Civ. Gen. 

1892, p. 803 i Fairm. Ann. Hoc. Ent. Fr. 1888, p, 336. Japan, 8. China, 

liido4^bina, Burma, N. India, 
nair (Pristoniachasrus) Maiiidr. Bull. Hoc. Eiit. Fr. 1909, p. 276. S. India, 

inlgtriiius, var. nov. Var. of nair Maiudr, H. India, 

({uadricolor (Pristomachwrus) Futz. Steit. Ent. Zeit. 1877, p. 101. 

? «eeacliaris Bates. X, India, 

quadrigiittatus (Pristomachiprus) Putz«Htett. Eut. Zeit! 1877, p. 101. 

? »thajciic'^phalas Wied. X. India, 

quadristigma (Pristomachierus) Bates, Ann. Mus. CHv. Oen. 1892, 

p. 808. Var. of ohaloocephalus Wied. litdo-China, Burma, 

rtiliellus ( Pristomachierus) Bates, Ann. Mas. Civ. Gen. 1892, p. 305^ Burma, 

sikkimensis, sp. n. X. India, 

subnotatus, sp. n. Cambodia. 

suturalU Float. Ann. Hoc. Ent. Fr. 188^, p. 61, t. 4. f. 2 ; Bates, Ann. 

Hoc. Ent. Fr. 1888, p. 2W. Annam. 

venustus, sp. n. * 

viresceiis, sp. n* Burma. 

viWiii, »p. II. Tookia. 

Pnoo. Zool. Soc.— 1921, No. XVII. 
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Key to the Species. 

1 (14). Uppa'rarfjice black to binNoy (prothfurHX 

, aometiines reddith)» elytra with red or yellow 
epotR (sometimes fascia*), protliotux closely’ 
and coarsely punctate. 

2 (9). Protiioiax fp'een, elytra with red or yellow spots. 

3 (0). Prothorax half as wide again as long, sides hardly 

sinuate before hind angles. Length 7*0- 
7’6 Him. 

4 (6). Yellow spots on el^'tra smaller, front one from 

^tria 6 to margin 

5 (4). Yellow spots on elytra larger, trout one from 

etna 4 to margin 

6 (3). Fi‘othorax not more than a third as wide again 

as long, sides strongly sinuate betbre hind 
angles. Length 6*O~0‘O mm. 

7 (8). Elytral sjwts red, front one covering shoulder and 

extenaing inwards to stria 6, two minute ones 
hehind on intervals 4 and 6 respectively .... 

8 (7). Elytml spots yellow, front one small, mthor 
, behind shoulder, extending inwards to stria 7, 

hind one small, quadrate, on intervals 6~8, 
another minute spot on iuteiwal 4 

9 (2). Pi'othorax reddish, elytra with yellow* fasciae. 

10 (13). ProthorB.t half as wide tigaiii as long, elytra 

coarsely and couflnently punctate. 

11 (12). Prothomx dark red, elytra without sutural retl 

patch; eyes small, very prominent, pedunculate 

12 (11). Prothorax light red, elytra with sutural red patch 

reai'hing to midway between fasciee ; eyes 
moderately promiiK'iit, not pedunculate .... 

13 (10). Proihoiax a third as wide again as long, dark 

red, elytra moderately and not contlueutly 
punctate, without sutural red patch 

14 (1). Upper surface variegated: head metallic green 

or blue, prothorax red (at least at base), elytra 
dark (av least on apical half) w'ith two inter* 
rupted whitish fascite (exceptionally with 
white spots) ; prothorax closely but not 
coarsely punctate. 

15 (22). Elytra with a red sutural stripe from liasc to 

a])ex, merging in w'hite spot (when present) 
at apex. 

16 (17). Prothorax blue w'ith re(l base, elytra violet-blue, 

W'ith wide dirty-white fascim from sutural 
stripe to side margins 

17 (16). Prothorax red, elytral fasciic not reaching 

margin. 

18 (19). Shoulders and epipleni*m of elytra coarsely 

punctate ; front fascia hardly reaching exteni- 
ally beyond stria 6 

19 (18). Shoulders and epiplenrie of elytra not coarsely 

punctate; front fascia reaching at least to 
stria 8. 

2t) (21). Elytra moderately convex, front fascia reaching 
stria 8, hind fascia as wide as front one, 
oblique 

21 (20). Elytra flat on disk, front fascia reaching stria 

9, hind fascia very narrow, bent sharply back- 
waixis Boon^fter leaving antaral stri^ 

22 (15). Elytra with or without red sutural stripe or 

scutellary patch ; w'hen present, not reaching 
heiyond hind fascia. 

23(28). Elytra without red sutural styipe or scutellary 
patch (though the scutellmn itself is red). 


ehaleoeephaJui Wted. 
V. qitadriMiigma Hates. 

BuhnotatuSy sp. n. 
JueunduBt sp. n. 

caul tops Hales. 

% 

rtthcUtts Hates. 
sikkimensist sp. n. 


venuBtus, sp. n. 

viroBcem, sp. n. 

dickBoni Wat. 
Buturalii Fleui. 
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21 

(28). 

25 

(W). 

26 

(27). 

27 

(28). 

28 

(28). 

29 

(30). 

30 

(29). 

31 

(36). 

3^ 

(33). 

33 

(32). 

31 

(35). 

35 

(81) 

36 

(31). 

37 

(12). 

38 

(39). 

39 

(88). 

40 

(41). 

41 

(40). 

42 

(87). 

43 

(44). 

41 

(13). 

45 

(48). 

46 

(46). 

47 

(«). 

48 

(47). 

49 

(60). 

50 

( 49 ). 


Elytra green, with fairly wide yellow-whito 
taeciw ; prothorax I'ed, with two dark ^pot« on 

di*«k, one on eaoh side of median line 

Elytra black with narrow faecia;, prothorax 
ooncolorotia. 

Fi*othorax ootisiderahly wuler than head, elytra 
with a small li^it epot at np«x, aides of front 

fascia tapering itia^ards 

Frotliorax very little wider than heail, elytra 
without light spot at a^wx, front fascia of 

neyirly mual width throughout 

Elytra with a red sutural stripe or scutellary 
patch. 

Ground colour of elytm grcHin, each elytron with 

4 white spots. L<'ugtb 4*0 mtn. 

Ground colour of elytra black or very dark blue. 

Length at least 4*5 mm. 

Elytra with the whole of the basal area red. 
Elytra with red basal area reaching bind fascia, 
witliout dark line at margin beta'oeii shoulders 
ai.d front fascia, prothorax often blue with 

base only red 

Elytra with red basal area not reaching hind 
fascia, a dark line at margin liutweeii sluHiIders 
and front fascia. 

Vrothorax red, ground colour of elytra dull black. 

Length 7*0 nim 

Prothorax with base red end apex blue (in vary- 
ing proportions^ , ground colour of elytra dark 

blue, faintly shining. Length 4*5 mm 

Elytra with sutuml area only red (to a greater 
or less width), shouMert always dark. 

Red sutural area on elytra joining hind fascia. 
Elytra half as long again as wide, shoulders not 
prominent; hind angles of prothorax acute, a 
distinct emargiiiation between them and 

middle of base 

Elytra about a fourth as long again as wide, 
shoulders prominent; hitid angles of pro- 
thorax right, with only a slight emargiuatiou 
between them and miodle of base. 

Elytra with red sutural stripe covering intervals 

l~d at base, 1-2 between tascie 

Elytra with sutural stripe covering intervals 
1--6 at base, tapering to 1-5 at hind fascia 
Rod sutural area on elytra not joining hind fascia, 
lied sutural area on elytra reaching level of kind 

fascia, but ssparated from it 

Red sutural area on elytra not or hardly extending 
behind the ^nt fascia. 

Elytral fascia reaching margin, neck red 

Elytral fascia not reaching margin, neck dark. 
Hind angles of prothorax ri^^ht, quite incon- 
spicuous. a minute indentation between them 

and middle of base 

Hind angles of prothorax aente, a deep emargin- 
ation between them and middle of base. 

Front elytral fkscia covering intervals 5-8, hind 
one evidently oblique, mo^rately wide, cover- 
ing intervals 8-8 

Front elytral firacia covering intervals 4-8, hind 
one only slightly oblique, narrow, covering 
intervals 2-8 


sp* n. 

aeuHecHii Fairm. 
lebioide$ Bates. 

(Vabreuif sp. u. 


modftuM Schaum. 


duXf sp. 11 . 


V. imhilarUf nov. 


nair Maiiidr. 

littoralia Motch. 
V. humeral is, nov. 

V. ceylonicus Dup. 

vitalisi, sp. n. 

eoaretatus Laf. 

V. nilgiriuus, nov. 
sueharis Bates. 


17 * 
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Oalubtomimus chalcocephalus Wied. (Plate I. £g. 1.) 
Calliaiomimus meBeii Bates. 

do. do. var. quadriatig'nia Bates. 

Wiedemann’s type, which 1 have recently seen at Copenhagen, 
was alleged to come from Java and may have done so, though 1 
have seen no other example from the Malay region. He was in 
the same paper also describing species from Bengal, and 1 think 
it possible that his insect came from that locality. 

Biites described his G, mesBii from Hong Kong, and C* guadri- 
Btigtna from Burma. The former is identical with Wiedemann’s 
species : of the latter, which has rather larger yellow spots on 
the elytra, Bates says “ Probably not more than a local race of ” 
C. messii, with which I quite agree. 

I have before me specimens of the type form from Hong Kong, 
and from Tonkin — Than Moi (H» Vitalis ds Salvaza\ of the variety 
(in addition to cotyj^es from the Pea collection) specimens from 
Laos — Vientiane (/f. VitallH de SaltHiza)^ Cochin-China — Bieu-hoa 
(Coll, FUuiiaux)^ and Burma — Rangoon (//. L, Andrewes); also 
intermediate forms, as regards the size of the yellow spots, from 
Burma — Maymyo (H, L, Atidretoes)^ Sikkim — Gopaldhai*a (//. 
Steve'iis\ and Dehra Dun (hidian Museum and Forest Res, Inst,),, 
An example from Kumaon — W. Almora (H, G, Championy has 
very small elytral spots, and the upper surface, as in all Indian 
specimens I liave seen, is more strongly punctate than in the 
China and Burma forms. The example taken by Dr. Stoliczka in 
the Jhelam Valley (Second Yarkand Mission), and determined 
by Bates as C. chalcocsphahis, is now fragmentary, the head and 
prothorax having disappeared, but the elytra seem to be those of 
the species under considemtion, with the yellow spots well 
developed. Bates indicates in his paper no feeling of doubt 
regarding this determination, but he put two marks of interro- 
gation on his label. With such slender Indian material available 
it seems useless to put names to any of the slightly varying forms. 

C, chlorocephalus Kollar has not to my knowledge been identi- 
fied as yet, and, like Wiedemann’s species, it was evidently 
unknown to Chandoir, The locality is uncertain, but Kollar 
thought the specimen probably came from India. The figure is 
a poor one, but, judging by the hind angles of the prothorax, I 
think the species will prove to be identical with chalcocephalms^ , 
C, quadrigiUtatus Putz. is probably also the same thing, but I 
have unfortunately not yet ascertained the whereabouts of 
Putzeys’ types. 

Callistomimus siKKiMENsis, sp. n. (Plate 1. fig. 5.) 

Length 5*5 mm. 

Black. Head metallic green ; prothorax red, with a vague dark 
faintly «eneous patch on disk on each side of median line ; elytra 

^ Dr. HoldbAus hsA kindly compared a flpecimen of C, rhateoeephafus, which I 
Rent to him, with Kollar'R ty pe in the Vienna Muecum, and Hnds the Rpeciea to lie 
different. The tyiie is unfortunutely a so that he cannot send it to me for 

examination. 



ORIEI^TAL 8PBC1SS OF CALUSTOMIMUS. 


239 


with a vary faint brassy tinge, each with two interrupted yellow 
fascite; joints 1“*3 of antennse, palpi, and legs flavous; buccal 
organs, undemde of head, epipleurea of prothorax, and a faint 
common spot at apex of elytra more or less testaceous. 

Heod (1*0 mm. wide) convex, moderately and closely punctate, 
hardly less closely on middle of front than elsewhere, labrum 
truncate, maxillae not longer than mandibles; antennae nearly 
half the length of body, the 8 apical joints wide, flattened, and 
quite black. Pt'othorax (1*2 mm. wide) not much wider than 
long, convex, sides moderately rounded in front, sinuate before 
hind angles, which are acute, reflexed, and point both outwards 
and backwards ; median line and basal foveae deep, surface closely 
and coarsely puncta.te. Elytra (2*10 x 3*0 rnm.) ovate, convex, 
with well marked shoulders, strias fairly deep and finely punctate, 
intervals moderately but closely punctate, the punctures hardly 
confluent; front fascia from stria 3 to margin, transverse, 
widening a little at margin towards shoulder and tingeing the 
epipleiira with yellow; hind fascia from stria 3 to 9, a little 
oblique outwards and backwards. Underside shiny, moderately 
punctate, rather more closely and finely on ventml surface. 
Practically the whole body is shortly pubescent. 

Much smaller than (7. chalcocep/udiis ; head more finely and 
more uniformly punctate, eyes less piximinent, prothorax red (not 
flDiieous), much narrower and more strongly sinuate before hind 
angles, elytra relatively longer and narrower, more finely punctate, 
the yellow markings difrei*ently shaped. 

Sikkim, Gopaldhara {ff, Eieven8\ 1 ex. cf • Mr. Stevens has 
kindly allowed me to retfiin the type, 

Callistomimus subnotatus, sp. n. 

Length 5*75 mm. Width 2*50 mm. 

This species bears so strong a likeness to C. jttcinvdm m., next 
described, that I need do no more than point out the characters 
in which it differs. 

Colour (except for elytral markings) identical. Head and 
pr other a^v more cx)ai'sely and less clasely punctate. Elytra more 
coarsely and confluently punctate, a little more shiny : front spot 
reddish, larger, elongate, covering the whole shoulder from 
margin to stria 6 (and including the epipleura), produced back* 
wards along the two outer intervals to very nearly half the length 
of the elytra; two minute reddish hind spots, one placed on 
interval 4, as in some examples of C^Jacundm^ the other a little 
further back on interval 6. 

Cambodia, Kompong Kedey, April 1914, 1 ex. J {R. Vitalia de 
Salvaza)* The type is in the British Museum. 

Callistomimxjs jTTouimiys, sp. n. (Plate I. fig. 2.) 

Iiength 6*0 mm. Width 2*50 mm. 

Bla<^. Head isneous, prothorax above and beneath with 
bluish reflection, elytra with a faint gi*een tinge ; mouth*parts 
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joiotfi 1-3 of antennae, two spots on each elyti*on, epipleurae of 
elytra adjacent to front spot, and legs testooeous yellow. 

Mead (1*20 mm. wide) convex, shiny, pul>escent, very coarsely 
punctate ; clypeus, neck, and a small foveifcam area on middle of 
front and veiiiex smooth end polished, eyes prominent. Prothorax 
convex, rather naiTow, not much wider than head (with eyes), a 
third wider than long, sides rounded, sinuate before hind angles, 
which are acute, reilexed, and directed backwards ; median line 
ratherdeep; sui^face closely, coarsely, and confluently punctate, with 
yellowish pul>esceiice. JSh/tra convex, mther square at shoulder, 
widest behind middle, nearly twice as wide and two and a 
half times as long as prothorax, punctate>strinte, intervals 2 and 
4 a little narrower than the adjacent ones; surface densely 
punctate (but much less coarsely than prothorax), punctures moi'e 
or less laterally con Auent; front spot small, triangular, behind 
shoulder, widening from stria 7 to margin, hind spot small, 
square, at a fourth from apex, covering intervals 6-8. In some 
examples there is a small additional spot on interval 4, a little in 
advance of the hind spot. All sterna coai*s©ly, ventral surface 
more finely punctate, pubescent. 

A good deal smaller than C. quadristigma Bates, head and 
prothorax much narrower, the latter darker in colour and less 
coiitiucted at extremities, elytra I puncturation similar, but 
yellow spots much smaller. 

Nilgiri Hills, Oncbterlony Valley, 3500 ft., July, “running 
among beams on the ground*’ (//. 7>. A'l^drewes)^ ^ ex d 
Bombay: N. Kanam (T’. P, J>, J)eU)^ 2 ex. The type (d) is in 
my collection. 

Callistomimus vknustus, sp. n. (Plate I. fig. 6.) 

Length 6*0 mm. Width 2*25 mm. 

Black. Mouth-parts (exc. last joint of palpi fuscous), antennal 
joints 1, 2, and underside of 3, and epipleurae of elytra (exc, at 
shoulder) testaceous ; head and prothorax blue or blue-green, 
with red base and side-margins; elytm violet-blue, suture red 
over intervals 1 and 2, and for basal third over interval 3 ; two 
interrupted fasciae on elytra, apical margin, and legs yellow-white 
(apex of femora, tibiae, and tarsal joints fuscous) ; metasternum 
and ventral surface (last segment darker) brown. 

Head (about 1*0 nam. wide) shiny, a little less convex but more 
pubescent and punctate than in allied species, the usually 
smooth space on middle of front wuth one or two coarse punctiu'es, 
neck smooth, eyes prominent. Prothorax relatively Hat, rather 
small, hardly wider than head with eyes, nearly half as wide 
again as Jong, sides rounded in front, contiracted behind, and 
sinuate before hind angles, which are acute and project both 
laterally and a little backwards; transverse impressions, median 
line, and basal fovete all well mai'ked ; surface closely and con- 
fliiently punctate, and pubescent. Elytra square at shoulders, 
nearly parallel, rather fiat, twice as wide and three times as long 
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as prothorax, weakly striate, the whole surface mther dull and 
finely aciculate-punctate ; front fascia at a third from bane, not 
very wide, but widening outwards from stria 3 to margin ; hind 
fascia at a third from apex, of about same width as front one, 
widening from stria 2 to margin. Underside moderately 
pubescent, last ventral segment more strongly so and tmus- 
versely subrugose. 

Distinguished from its congeners by its small prothorax, square 
shoulders, and especially by the fact that the colour of the red 
sciitellary patch extends along the suture to apex. 

Laos: Pak Tha, Paklung and Ban Saleun, 16 ex, d $ 
(/?. Vitalis de Salvaza). The type is in the British Museum. 

Oallistomimus viRBscEXS, sp. n. (Plate L fig. 7.) 

Length 5 mm. Width 2 mm. 

Black. Head blue, prothorax i^ed with purplish reflections on 
upper surface, a sutural stripe on the elytra yellow- red, elytra 
velvety blue-black with metallic blue-green lustre on shoulders 
and along sides ; two faacise on elytra (interrupted by the sutural 
stripe) a.nd apical margin, joints 1-8 of antennse, palpi (exc. apex), 
front margin of labriim, and legs (exc. apex of femora) yellow- 
white. 

Head (about 1*0 mm. wide) convex, shiny, coarsely punctate 
at sitles, smooth and highly polished along" median line and on 
neck; maxillae as long as mandibles. Prothoraa: very convex, 
a little transverse, just wider than head, sides bordere*! and 
strongly rounded, more contracted behind than in fiont, hind 
angles in form of a minute right-angled tooth, with si<1es of b^se 
advancing towards them, median line short but deep; surface 
coarsely but not very closely punctate, faintly pubescent. M}/tra 
punctate-striate, intervals flat, punctate at sides but nut eviilently 
so on disk, pubescent, base with a strongly marked border, rej^ion 
of the shoulder irregularly punctate and rugose, epipleuife 
eoai-sely punctate ; sutural stripe covering intervals 1 and 2 (more 
or lesw), front fascia at a fourth from base, narrow, reaching 
stria 6, Ijind fascia at a third from apex, wider, reaching stria 9. 

Allied to 6\ suUiralis Fit., but a little smaller, hind angles 
of protiiorax less evident, elytra more convex, sutural stripe 
narrow at apex and lighter in colour, hind fascia much Viroader, 
slmnlders arnl sides much more rugosely sculptured. The very 
coarse piincturation of the elytral epi pleurae at once distinguishes 
the species from its congeners. 

Burma : Tharrawaddy, 2 ex. 6 2 Q* Corbett). The type 
is in my collection. 

Calhstomimus belli, sp. n. (Plato I. fig. 8.) 

Length 4 25 mm. Width 1*75 mm. 

Black. Head dark metallic green with purplish reflections; 
prothorax brick-i*ed with a small rather faint purplish spot on 
each side of disk ; elytra dark green ; mouth-parts, joints 1-3 of 
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antennse, underside of head and prothorax (exc. proaternal 
process and region i*ound front coxie), epipleune of elytra, two 
interrupted fascife on elyti*a (with a purplish border), a common 
apical spot and margin, testaceous ; legs (oxc. apex of femora, 
whicli is fuscous) yellow-white. 

Head (barely 1*0 mm. wide) shiny, convex, pubescent, coarsely 
punctate over whole surface (exc. clyjieus and labriim), though a 
little less closely on middle of front, neck smooth, eyes prominent. 
Prothorax moderately convex, rather wider than head, sides 
rounded and a little sinuate before hind angles, which are acute, 
slightly reflexed, and directed outwards and bjickwards ; surface 
densely but not coarsely punctate and covered with a close, dark 
pubescence. Elytra rather ovate, about half as wide again as 
prothorax, punctate-striate, sutHface aciculate-punctate and 
pubescent ; interval 2 narrowing towaixls base and 6 towards 
apex; front fascia at a third from base, a little wider than in the 
allied species, extending from the middle of interval 8 to margin, 
where it widens out both in front and behind, an indentation of 
the ground colour in front on interval 6; hind fascia oblique 
(outwards and backwards), extending from stria 2 t/O margin ; 
apical spot a little larger than in the allied species. Underside 
moderately punctate and pubescent, prosternal process bordered, 
last ventral segment transversely substrigose. 

Not unlike (7. lehioidee Bates in form, but quite different in 
coloration. Prothorax lass transverse, less coarsely punctate, 
hind angles much more evident; fascimon elytra much wider and 
extending to margita, an apical white spot (absent in lebioidtts), 
Tlie species are alike in the absence of a red scntellaiy paUdi. 

Bombay: North Kanara, Kadra, ll.vii. 1907, 2 ex, d ^ 
(T, R. D, Bell), The type is in my collection. 

Calmstomimus aoctioollis Fairm. 

Calustomimus yuxxanus Maindr. 

Both these species were described from Tnnnan, and T have at 
different times seen the types of both, though I have not been 
able to compare them. I have before me the type of yfnttta'nm, 
which agrees with Fairmaire’s description and with some notes I 
made on the type of ncuticollie, I think the species are identical. 

I have seen further examples from Djoukoula, Yunnan, in the 
collection of Mr. H. de Touzalin. 

Calltatomimus d'abrbui, sp. n. (Plate I. fig. 9.) 

Length 4*0 inm. Width 1 *5 mm. 

Black. Head dark jeneous with purplish refiections ; prothorax 
and a acutellary patch red, former with an ill-defined purplish spot 
pn each side of disk ; elvtra. deep green, each with four white 
spots; mouth-parts, uncierside of joint 1 and base of joints 1 and 
2 of antennas, epip1e;ajxe, and margin of elytra testaceous, sterna 
and coxae reddish, trochanters and femom yellow-white. In the c? 
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specimen (type) the tihiie and tarsi are fuscous, in the two $ $ 
specimens they at*e yellow -white. 

Ifead (0*90 mm. wide) shiny, convex, slightly pubescent, 
coarsely punctate at sides and bttek, vertex and middle of front 
smooth and polished, eyes moderately prominent, maxillse a little 
longer than mandibles. Prothortix narrow, just wider than head, 
not mlich wider than long, sides rounded in front, strongly 
contracted behind, sinuate just before hind angles, which aie 
right ; surface closely and coarsely punctate, pubescent. Elytra 
about half as wide again ns prothorax, squai^ at shoulder, widest 
at about middle, puuctate-striMte, intervals mtiier convex, the 
whole surface finely aciculate-puuctate, dull viewed from above, 
but a little shiny when viewed sideways ; the red scutellary patch 
extending half-way to apex, bounded on each side at bnse by 
stria 2, but tapering behind ; the front white spot, at a fourth 
from base, extends from interval 4 to margin (it is rounded on 
intervals 5-7, contracted on 8, and expmded again on 9) ; the 
hind spot, also rounded but a little larger, at a fourth from apex, 
covers intervals 5-7 ; the two remaining spots are minute, one 
on interval 3 just behind the end of the scutellary patch, the other 
at extreme apex. . Underside sparsely, ventral surface (exc. at 
sides) more strongly punctate and pubescent. 

India: Central' Provinces, Mandla district, Chiriadnngrn, 
Kerbudda bank, 7. xii. 1916 {E, A. D^Jhrm)^ 1 ex. cf (ty|)e), 
U.P. : Sitapur, July 1917 (/T. ff, Champian\ 1 ex. $ (defective) 
Bihar: Pusa, 1 ex. ? — Agric. Res. Inst. Pusa. Mr. D’Abreu 
lias kindly allowed me to keep the type in my collection. 

Gallistomimus modbstus Schaum. 

CfiUistomimns amahilii Redt. (in litL) Reis. Novar. ii. 1867, 
Col. 20, 

The species was described from Hongkong, and I have not seen 
the type ; there seems to be no doubt regarding the identification, 
and, as it is probably the best known species in the genus, I think 
it unnecessary to prei)are a fresh description. 

The name ainahiU$ was introduced by Redtenbacher, who 
attributed it to Chaudoir ; the latter mentions the name when 
describing the genus, but attributes it io Redtenbacher. 1 
caunot find that either author published a description, and it 
seems a pity that it should liave got into circulation. 

Var. humeralia, nov, 

Bchaiim gives no hint of a dark spot on the shoulder, but Rites 
refers to a small black shoulder-spot on some of the examples 
taken by Mr. Fea in Burma, one of which is in my collection ; 
the specimen described by Fairmaire from Tonkin is similarly 
marked, A specimen in the Pi^ris Museum, also from Tonkin, 
another from Bengal — Sarda (Jf. IT, Champion)^ and other Indian 
examples in the British Museum, all have this spot more fully 
developed, and I think tlie form is worthy of a name* 
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V^ar. ms'idaria, nov. 

Mr. Guy Babault has kindly sent me an example (there being 
others 1 understand in his collection) which conies from Java, 
which has a narrow black longitudinal line behind the shoulder, 
and in which the two parts of tlie hind fascia ai;e quite detached 
from the reddish area in front, so that they appear as trails vei'se 
whitish spots on a blue^black gi*ound, which covers the *apiaJ 
half of the elytra. In the Brussels Museum there are also three 
examples of this form labelled “Semarang (Drescher) * ; in these 
the hind fascia is less widely sepaiated from the red area in 
fz'ont, ; 

Callistomimus dux, sp. n. (Plate I. fig. 10.) 

Length 7*0 mm. Width 2*60 mm. 

Black. Head dark blue, prothorax (above and beneath) dull 
red with faint purplish reflections, basal tw'o-fifths of elytra brick - 
red, the coloured area bulging in the middle and reaching to half- 
way between base and apex, two transverse fascias (front one very 
short, subinarginal) and extreme apex yellow-white, joint 1 of 
antennsD (rest wanting) and legs (exc. apex of femora) testaceous, 
margin of elytra (exc. just below shoulders; infuscate. 

Head (2*40 mm. wide) convex, shiny, very coarsely punctate ; 
vertex, middle of front (exc. for one or two pnnettires), and 
clypeus smooth, eyes prominent. Prothorax (2*60 )nm. wide) 
convex, very transverse, sides strongly rounded, much contracted 
at extremities, b\it more so behind than in front, hind angles in 
the form of a small right-angled tooth, a little in front of 
apparent base; median line faint, basal foven© round and deep, 
surface coarsely and confluently punctate. Elytra oval, flat, 
punctate-striate, intervals nearly flat, finely punctate, { presunjnbly) 
pubescent ; front fascia from stria 5 to 8, merging in colour 
of basal area, hind one moderately broad, oblique, from stria 1 
to 9. XJndemde moderately and rather coarsely punctate, moie 
finely on ventral surface. 

Burma: Prome {G. Q, Corbett)^ 1 ex. d . Type in my collwdion. 

The species is so widely different from all others known to me 
that I have described it with a view to making my note on the 
Oriental species of the genus as complete as possible. I'he unique 
example, however, is defective, especially in regard to the antennte, 
tarsi, and buccal organs. 

Callistomimus nair, Maindr., var. nilyiriwaa, nov. 

I have in my collection an example of Maindron’s species, 
which I have liad the opportunity of comparing with a typical 
specimen kindly sent to me for examination by Mr. Guy Babault. 
My specimen a-gi'ees almost exactly with Maindron's, which came 
from Mah4 on the Malabar Coast: the only difierence I detect is 
in the elytral fascisB, which are narrower, the hind one being also 

III reply to All cnqnii^’' of min®, Coromandant Dupuia writes j *‘Etiq«e t« d*vin 
envoi r^u dti Mue^ de Sarawak (fiom^o), saiia autre pr^ntion, tnaia lea inaectea 
provenaient tons, jo croia, de r^coltea faitea dana la region/* 
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less i^egniar in outline and wider near the suture than near the 
margin. This sjjeciinen was taken in the Nilgiri Hills by Mr. 
H. L. Andrewes, and his note reads “Ouchterlony Valley, 
December, ^3500 ft. Flooded out during irrigation of tea.’’ 

A second specimen ( cf ) was also taken by Mr. Andrewes in the 
Nilgiii Hills, but I have no note of the exact locality. It is of 
the same size as C. nair and does not seem to differ structurally, 
but there are distinct differences in the coloration. Joints 5-1 1 of 
the antennie and the front tarsi are brown instead of ‘ black ; the 
margin of the elytra is only vaguely reddish, there is only a 
suggestion of a scutellary red patch, and this does not extend 
beyond the front fascia ; this latter is very small and its sides 
taper inwards from stria 8 to 4, the hind fascia is rather wider 
than the front one end extends from stria 8 to 2, neither of the 
fascim reaching the margin. Whether this form will prove to be 
a local race, or a mere aberration, remains to be seen, and for the 
present I call it var. nilgirinua^ 

Oallistomimus littoralis Motch. •(Plate I. fig. 11.) 

CMUiomimvs weatwoodi Schaum. 

Length 4*5 mm. Width 2*0 mm. 

Black. Head and front margin of prothorax gi*eenish*l:)lue ; 
rest of prothdrax (upi>er side) and a sutural stripe, bounded at 
sides by stria 2 and extending backwards to the hind fascia, dull 
red (the stitural stri{>e widens to stria 3 at the front hiscia) ; 
elytia dark blue; two interrupte<i fascite on elytra (exc. on 
intervals 3, 4 and 9 of hind one, where reddish), apical margin, 
a common apical spot, and legs (exc. apex of femora and tilua? 
fuscous) yellow- white ; underside of prothorax, meso- and meta- 
sterna, side margins and epi pleura of elytra, and buccal organs 
testaceous. 

Head (0*8 ram. wide) convex, closely and coarsely punctate, 
except on neck, clypeus, and mhldle of front, surface finely rugose, 
eyes prominent, inaxillte elongate but not really reaching beyond 
mandibles, lahrum einarginate. Prothorax (1*10 mm, wide) 
convex, a little tmns verse, sides strongly rounded and contiactod 
behind, hind angles small and sharply rectangular, surface 
moderately but closely punct>iteand pubescent. Elijtra{2’7^>mm. 
long) shortly ovate, punctate striate, pubescent ; front fascia at a 
fourth from base, widening out from sutural line to margin; 
hind fascia extending obliquely backwards to margin, oonstricteil 
on stria 4. Untlerside finely punctate and pubescent. 

For a comparison with C. coarctcUua Laf,, see under that 
species. 

I have seen examples from various localities in North, Central 
and Southern India, but not from Sind. The var. ceyUytiicua 
Dupuis from Ceylon is apparently a variety of this species 
and not of C. coarctatua'^. 

* I have reoontly seen a oatype of the variety, which Dr. W. rfoni hindly eeiit to 
me for examination. It proves ns I anticipated to be n var. of Httoratis, 
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Callistoximus coarctatos Lafertd. (Plate I. 6g6. 12, 12 a, 
and 12 h.) 

Length 5*50-5*75 mm. Width 2*0-2*25 mm. 

Black. Head metallic blue ; prothorax above (with purplish 
reflections), and beneath (exc. middle of sternum), a scutellary 
patch on elytra (tapering rather abruptly at extremity, reaching 
nearly half-way to apex, and bounded at sides by stria 4), and 
mouth-parts red ; elytra blue-black with faint metallic lustre ; 
two interrupted fascism on elytra, apical margin and a common 
apical spot, palpi (exc. apical joint), underside of joints 1-3 of 
antennsB, trochanters, femora (exc. apex), upper side of tihiw 
(exc. apex), and tarsal joints (exc. apex) yellow- white. 

Head (about 1*0 mm. wide) convex, shiny, more or less 
pubescent, coarsely but not closely punctate, smooth and highly 
polished on middle of front, vertex, and neck ; eyes prominent, 
maxillae of approximately same length as mandibles. Prothoray 
(about 1*30 mm. wide) convex, transverse, strongly rounded at 
sides and contracted behii^, sinuate before the sharp — almost 
acute — hind angles; surface densely and coarsely punctured, 
pubescent. Elytra punctate-striate, intervals modenitely punc- 
tate, pubescent ; front fascia, at a third from base, extending on 
each side from the sutural red patch at stria 4 to 8 ; hind fascia, 
slanting a little backwards from suture towai*ds margin, extending 
from stria 2 to 9, but not reaching margin. Underside shiny, 
lightly punctate and pubescent. 

Closely allied to O, Uttoralis Motcb., but larger. Head less 
closely punctate, prothorax more tmiisverse and more coarsely 
punctate, hind angles a little more evident. In littoralis the 
front elytral fascia extends to the margin, and the ml sutural 
patch (which in ooarctatm stops lialf-way between the two 
fasciaB) extends backwards and joins the hind fascia. 

The spades seems to be confined to the Himalayas. It has 
been taken in Kumaon by Dr. S. W. Kemp and (in considerable 
numbers) by Mr. H. G. Champion, in 8j>iti by Mr. Guy Babault, 
and in Sikkim by Mr. H. Stevens and Mr. F. H. Gravely. An 
example from Kurseong is in the collection of Mr. H. de Touz^iUn. 

CALUSTOMIMUS V1TAL181, sp. n. 

Length 6*5 mm. Width 2*5 mm. 

Black. Head (exc. neck) seneous green; upper surface of neck 
and pi*othorax (latter with some ill-defined small purplish spots), 
and a scutellary patch on elytra red ; underside of neck and 
prothorax, joints 1-U of antennae, front coxae and mouth-parts 
(exc. apical joint of palpi, which is fuscous) testaceous; legs (exc. 
middle and hind coxae, and apex of all femora, which are black), 
two interrupted fasciae and a common apical spot on elytra, 
together with margin, yellow-white. 

Head (about 1*0 mm. wide), shiny, convex, slightly pubescent, 
moderately punctate, but smooth on neck, middle of front, and 
clypeus ; eyes prominent, maxillae hardly longer than mandibles. 
Prothorax (about 1*50 mm. wide), a third as wide again as long, 
moderately convex, sides gently rounded in front, more strongly 
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behind, hind angles acute, redexed, and projecting a little back- 
wards ; surface closely and coarsely punctate and pul>escent. 
Elytra striate, th^ strisB faintly crenulate, intervals flat, flnely 
punctate and pubescent ; red scutellary patch ilUdeflned, extend- 
ing about one -third towards apex and to stria 4 at sides ; front 
white fascia at a third from base, narrow, extending on each side 
from stria 4 to margin, where it widens out towards apex ; hind 
fascia at a third from apex, a little wider than front one, extend- 
ing from stria 1 to margin, curving a little backwards near margin, 
but hardly increabiiig in width. Underside shiny, pubescence 
faint, a little more evident on ventral surface, sterna coarsely but 
not closely punctate. 

In appearance strongly resembling C. coarctatus Laf. ; a little 
larger and less brigiitly coloured ; prothorax wider, less coiivex, 
much less contracted at extremities and with more conspicuous 
hind angles ; the bind elytra! fascia less oblique, and extending 
inwards to stria 1 (instead of 2). For Bates this species would 
have been a Pristoniach(nru$^ on account of the acute and i^flexed 
hind angles of tlie prothorax. 

Tonkin : Hoabinh, 6 ex. cf ? {E. Viialia de Salvaza). The 
type is in the British Museum. 

Oallistomimus EUOUABis Bates. 

Putzeya’ C. qtmdHcolor cameft’om Darjiling, and I do not know 
where the type is to be found. Bates differentiated his Burmese 
species from it by the puncturation of the prothorax, apparently 
the only point of difference which struck him. Mr. H. Stevens 
has lately sent me from Gopoldhara in Sikkim some specimens 
which agree exactly with cotypes of C. eucharia in my collection, 
and I think the two species are the same. There must, however, 
remain some doubt until Putzeys’ type is available for examination. 

A single defective example in the Brussels Museum, labelled 
‘H’Jentral Java, Mt. Oengaran (A, Kollery* is evidently a very 
close ally of this species, but the ely tiu are a little wider and less 
deeply striate, the fascia^ being more oblique. 
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I. INTRODUCTION. 

In 1914 Ml’S, G. B. Longstafii* brought from South Africa to 
England some living examples of the big land-snails usually 
referred to the genus AcJiOthui, A series of observations was 
planned by herself and the author upon the habits and later 
development of tliese forms. These observatioiis were started 
early in 1915, and, thanks to the Siitisfactory way in which the 
animals acclimatized themselves, have been successfully continueii 
and some interesting results obtained which are given elsewhere 
(iu^a, p« ^79). As certain phases of the behaviour of the two 
forms represented differed rather sharply and as their specific and 
generic position was uucei'tain, an examination of their anatomy 
was undertaken by the author. The principal object of this 
paper is to provide additional knowledge of the anatomy of the 
A^atininas; but it also affords an opportunity for discussing how 
far the individuals of two closely-allied forms agree or differ in 
all the details of their structui^. 

The material for this study was presented by Mrs. Longstaff 
to the Zoological Department of the British Museum (Natui-al 
History) ; and the author is indebted to Mrs. Longstafi', and to 
Major M. Connolly for information accessory to the study. 

The genus Coehlitoma was established by F^russac (1821) for 
a heterogeneous body of forms mostly referable to Aehatina (s.s.). 
The name was restricted by Pilsbiy (1904) to a small group of 
the Achatinince, Some thirty-five species were enumerated by 
Pilsbry, and no substantial modification of the genus has been 
made since. The group is restricted to S.E. and S. Africa though a 
few forms straggle up the West Coast, and one species is apparently 
erroneously recorded from Brazil. Our knowledge of the anatomy 
consists of a ver^' brief description nf the late embryo and ^bry- 
onic shell, shelHobes, kidney, ja.w, and genitalia of C, ssebra, due 

* Commumested by Dr. W. T. Calieas, F.E.S 
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to Semper (1870), a brief description bj the same author of 
(7. granulata (Krauss), and a short account of some of ttie internal 
parts of C. crawfordi (Morelet) due to Pilsbry (1904)* 

II. Structural. 

1. Anatomy of Cochutoma zebha (Bnig.) var. obesa. 

Two specimens were available for dissection, both almost fully 
grown and I’eferable to Pfeiffers variety oheaa. They measure 
83x47 Him. and 82x47 inin. respecti\ely, and are thus a little 
shorter than Pfeiffer’s ty|)e (1854). In the following description 
the two examples are refen-ed to as and z.^ respectively. 

External Features, 

(1) Shell , — The conchological status and synonymy has been 
discussed by Pilsbry (1904). It is necessary, however, to refer 
in some detail to these features in order to show what relation 
there is between the variation of external and internal characters. 

In Pilsbiy’s description the columella is “arcuate.” In z, it is 
|>erfectly straight and contrasts strikingly with the arcuate form 
seen in In z^ there is a well-marked callus which is absent 
in z.,. The coloration, invariably regarded as an inconstant 
feature, is markedly d iff 61 * 60 1 in the two fornts. Z, agrees with 
Pilsbry’s description, but in z, the dark stripes are often twice 
and'tbnce the size of the white ones. Both examples have 7^ 
whorls. The apeiture varies. In z, it is wider and shoiiier 
than that of Zj,, measuring 48x27*5 mm. as comjmred with 
50*5 x 26 mm. 

The sculptui'e is, as Pilsbry says, granoso-decussate. But in 
both forms the spiral striae are weak, so that, as a result, the 
transverse ribbing is more marked than in the variety fidgurata. 
In z.^ the spiral striation is stronger than in z,. This sculpture 
starte at al)out half-way r ound the second whorl in Zj and three 
quarters of the way round the second whorl in z.^. It is con- 
tinued in both cases to the end of the sixth whorl. A peculiar 
character seen in the VKwfrdgurala as well, viz. the enlargement 
of some of the longitudinal bands of granules, is seen in a weak 
condition in z,, but is absent in z^,. There is, however, in the 
same position an abrupt enlargement of all the granules. 

(2) Coloration , — This is more fully dealt with in Mrs. lA>ng- 
stafiTs paper. 

(3) Mamide-fMs^ etc , — The cervical lobe was thick, narrow, and 
pointed in z^. That of z, differe<l only in being much longer. 
The posterior lobe is irragular in shape and has two main sur- 
faces, one vertical (between which and the cervical lobe the anal 
canal runs) and one horizontal. The latter is continuous with 
the shell-lobe. 

(4) Anm?, etc , — The anus and fmeumostome lie more or less 
closely together. The latter is interior to and rather below the 
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former* The ureter opens by a wide and non>plicate aperture 
anteriorly to the anus. In fmat of the ureter lies a small lobe. 
A oertain amount of distortion made it impossible to com^mre z 
and z, in this respect* ^ 

Internal Anatomy, 

(1) Alimentary Oanal, 

The jaw was examined only in the case of that of Zj being 
previously damaged* 

Viewed anteriorly the jaw is markedly lunate and its antero- 
dorsal surface is very wide. The interior surface is covered by 
a fairly dense cuticle whicii is continued backwards and round 
the sides and bottom of the mouth. It is more dense dorsally 
and is continued posteriorly for about 5-6 mm., but is not con- 
tinued on to the antero-dorsal plate. There is on this cuticle 
a faint but definite striation. The weak ribbing seen in var. 
fulguraia is represented only by a few irregular faint dark lines 
which can be seen un<ler a high power* 


Text-figure 1. 



CochHioma zehra var. obesa, 

Radula; mcdtuu and adinediau teetlu Position of degc^wrate entocone shown 
by dotted line. 

The radula, (Text-fig. 1.) 

Formula:-— 80* 1. 80. x 133* 

z, 69. 1. 69. Xl33. 

Another example from the 1 Xl24. ±1* 

Gwatkin collection J 

These figures represent maxima. 

For the purpose of this study only the median, the first two 
admedian and the adlateral teeth were compared. 

Proc. Zool* Soo. — 1921, No. XVIII. 
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All the speoimeQS examined showed a slender median tooth 
.with simple, rather piriform cusp. In z,^ this is abnormaJ iemd 
irregularly bicuspid. The admedian teeth have large heavily 
conical niesocone««!, rather weak ectocones, and degenerate ento- 
cones. In z,^ tlie latter were very meagrely developed. The base 
of the mesocones is very heavy, broad, and deep. Its inferior 
edge is usually, but not always, turned upwards and outwards. 
The adlaterals (e. g., about the fortieth) are bicuspid with low 
stout mesocones and a very deep narrow baipal plate. 

The pharynx , — The attachment of the pharyngeal muscles is 
semilunar in shape. It will be more fully discussed under var. 
falgnrata. There is an exceptionally short cesophagus passing 


Text-figure 2. 



Cochlitoma sebra var. oh 08 a. 
SuUvar}' glands. 


into a crop measuring approximately 20 mm, ±3. Interioidy 
the latter exhibits a number of longitudinal folds with transverse 
secondary connecting ridges, which form a rough trabecular 
system. In both examples the crop is covered by the salivary 
glands. The ducts of the latter originate in the usual position. 
The glands themselves are in both cases asymmetrical, the left 
being larger than the' right. They are joined together in the 
median line by two organic connections, one anterior, the other 
posterior. Pilsbry (1919) mentions that the glands of Aehatina 
schweinfurthii von Marts, are similarly joined, but only an- 
teriorly. Between and z, are several considerable differences 
in detail. 
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The citjp is succeeded by a narrow continuation of the oeso- 
phagus which fairly rapidly widens into the anterior part of the 
stomuehj which is thin- walled and crescentic. At the base of 
the thiixi whorl this gives off a large reniform, muscular sac 
which may provisionally be regarded as the representative of 
the caocum found in many Prosobranchs, Opisthobranchs, and 
certain Basommatophom. This structure has been noticed by 
Wiegmann (1898) in Achaiina panthera. It is not present in all 
)Stylommatophora, but occurs in Bulitnua {Borus) ovatna and 
praximna according to Plate (1896). Owing to the fact that 
the anterior part of the stomach oi>ens close to the pylorus of the 
intestine, we may fairly assume that the large muscular part 
does represent the originally smaller cfecuni. The muscular 
portion receives the posterior hepatic duct and is very thick - 
walled, its inner surface lieing furnished with characteristic 
I'idges. A more detailed desci‘iption of these organs is given 
under wu.\\ftd(jiirata. 

(2) Circulatory find Respiratory System, 

As both animals had been dead for some time previous to 
dissection, it was impossible to make an injection of the circu- 
latory system. This is all the more to be 1 ‘egretted as some 


Text-figure 3. 



CochUtoma zebra vnr. ohem. 

AiiUTtor cud of palmonury voiii. 

interesting results might be expected from the study of the 
elabomte cerebral vAscular system noticed when dissecting the 
circinnmsoplmgeal nerve complex. The pericardium is under 
one-third the sisse of the kidney, a smallw proportion thaii usual. 
The auricle^ as usual, is thin-walle4^nd is attached to the adi enal 
wall of the pericardium for about one-third of its length. It is 
irregular in shape, but presents a broad end to the ventHda, 
The latter is of a narrow, qvoid shape and is slightly shorter 
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than the axiricle* Paired aoriculo-ventricular valves of a simple 
nature were found; but apparently there is no aortic valve. 
The course of the (norta was not followed, but its anterior branch 
was found passing into the pharynx in the usual position; 
before doing which, it gives off several branches which con- 
tribute to the cerebral vascular system referred to above. The 
pulmonary vein (text-fig. 3) is very large. On its left-hand 
side and particularly towards the anterior end of the pulmonary 
cavity, it sends out several large branches which become very 
much concentrated anteriorly. On the left-hand side thei'e were 
no particularly large vessels. In the pulmonary vein lies close 
to the ureter — on an average 5 mm. from it. In the last respect 
z differed from z,, being much further away from the ureter. 
The latter condition is seen in Archmhatina hicarmata (l^eshayes 
(1821)) and also apparently in Liniicolaria. The anterior con- 
centration of large secondary vessels is seen in Achatina chrysO’* 
leuca (Pilsbry (1904)) and in Arch, hicarhmta, 

(3) Renal System. 

The kidney measures 58 X 1 1-1 2 mm. in Zj and 42 x 9-10 mm. 
in z^. Anteriorly it narrows off slightly to an obtuse point. 
Posteriorly it exhibits a curious diagonal groove on its under 
surface which separates off a sort of posterior lobe. This occurs 
in both Zj and z.^ ; but it is doubtful whetlier it is of systematic 
value, though it was absent from both specimens of fidgnratu. 
Another interesting feature is the presence of a sort of ‘‘ lieel ” 
projecting from the posterior end of the kidifey. In l)oth forms 
this was disposed in prolongation of the main axis of the organ. 

(4) Nervous System. (Text-fig. 4.) 

General, — In the adult the central nervous system is covered 
over by a dense layer of connective tissue whicli involves the 
main ganglia and roots. This layer, which has been commented 
upon by previous authors (Nabias (1894)), is exceedingly difficult 
to dissect away even in young forms, while in most adults it 
appears to have complete histological union witli the surface 
of the ganglia. In young forms it is less extensively developed, 
less closely applied to the ganglia and more hyaline. The growth 
of this sheath involves the anterior aorta and its cerebral 
branches. It is hoped that a future work may be devoted to the 
study of this sheath. This much may, however, be stated that, 
whatever functions it may or may not Jiave acquired in the 
course of its intimate association with the surface layer of the 
ganglia, it has certainly developed a great importance as pro- 
viding additional holdfasts for the muscles of the head and 
anterior part of the body. For example, the rhinophorial 
retractors appear to be partly dependent on the poatero-lateral 
extension of this sheath. Interesting analogies are suggested 
by this structure, particularly on the subject of its function as a 
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protection for the brain and support for muscles, but they must 
be deferred to a later date. 

The cerebral ganglia are joined by a stout commissure. The 
several elements of the visceral commissure are very closely 
united, and on the right side no distinction between abdominal 
and visceral ganglia could be made out. On the left, the lino of 
demarcation between the visceral and pallial ganglia was fairly 
plain, that between the visceral and abdominal less plain. There 
are no pallio-pedal connectives, the centres being closely approxi- 
mated. The pedal centres are likewise intimately fused to form 

Text-figure 4. 



Cochlitoma zebra var. oheza* 

Central iiorvcms syatem (left moiety). 

cpdc, =» cevobro-ixjdal connoctive, epic. = ccrebro-pleural connective, eg . « cerebral 
gungHon. pg- « pedal gangltoii. pig. «» pleural ganglion, vag. « viscero- 
alxlominal ganglion. im.»; visceral nerves. p{fi.»pallial nerves. pedal 

nerves. * 

a single mass, all that indicates an originally sepaiate condition 
being a faint median ventral furrow. The right side of this 
complex is larger than the left, 

Fedid Nerves. — In counting the number of nerve-roots arising 
from all ganglia, allowance lias te be made for a certain amount 
of error due to the density of the sheath and the consequent 
impossibility of being certain that adjacent roots are separate. 
In there are eighteen pedal roots on the left and sixteen (three 
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fused) on the right. In both specimens a grouping of the pedal 
nerves into two tiers, one above the other, could be made out. 
The upper tier consists of five roots, one anterior three median 
(usually fused) and one posterior. Certain of the lower tier 
roots are separate in origin but enclosed together for the first 
2-3 mm, of their length in common sheaths of connective tissue. 
The arrangement of these differs from side to side and in 
individuals. In there were seventeen roots on each side. 

Pallial and V water al Nerves . — In neither example can it be 
asserted that an 3 >^ nerve arises from the pallkl centres. The 
latter (os defined by the jx)sition of the cerebral -pallial connective) 
is clearly marked off posteriorly from its neighbour and no 
pallial root arises from it on either side. Pallial nerves arise, 
however, from tlie posterior ganglion mass (viscero-abdominal). 
AVe can only conclude that fusion of ganglia has gone so far that 
the slight external divisions are not reflected internally. On the 
right there is only one pallial nerve, on the left three. There 
are tliree main abdominal and visceral nerves arising from the 
posterior end of the complex. and z.^ agree in thase particulars. 

Cerebral Nerves . — Fiom the cerebral ganglia there arise on 
each side nine roots in z„ eight in z^. These consist of three 
large labial and pharyngeal nerves, two rhinophorial, optic, 
buccal connectives, and two (one in z^) of uncertain distribution. 
Ttiere is a certain amount of unimj>ortant diflerence in the 
position and distribution of the nerves between and z^. The 
buccal commissure is symmetrical and the ganglia closely fused. 
On each side six pharyngeal nerves originate from these ganglia, 
the origin of which is asymmetrical. 

The optic nerve is exceedingly slender and arises a little 
posterior to the rhinophorial nerve, Jt enters the sheath of the 
rhinophore above the latter nerve. In z^ the base of tJie rhino- 
phore is innervated by a separate nerve arising just anteriorly 
to the first mentioned rhinophorial nerve. Araaudrut (1886) 
refers the innervation of the base of the rldnophores in Achatina 
panthera to a nerve arising from the anterior lobe. There is in 
C. zebra no distinction into three distinct lobes as Amaiulrut 
described for his species, though traces of a fairly distinct lobe 
corresponding to Ainaudrut's *Mobe de sensibility '' could be seen 
in Zy. Again, there is no fine branch of the rliinophorial nerve as 
there is in A. panthera. 

(5) Reproductive System, 

Keither specimen dissected was apparently in a state of 
reproductive activity. The gonad which is situated in the 2-3 
whoii, is succeeded by a slender duct which is straight for 
about 6 mm. and then becomes stouter and more convoluted* 
In the third whorl this passes into the spermoviduist. The male 
portion of this* as in the Helicidse, forms a sort of gutter incom* 
pletely covered by two more or less overlapping ridges. The 
ducts of the numerous prostatic follicles open into the bottom of 
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this. The prostate invests one side of the spermoviduct over 
prnctioally its whole length and projects into the lumen of the 
utei*us. The upper end of the latter is much folded, the lower 
end smooth. 

The vagina is short (22 mni. in both cases) as compared with the 
long spermoviduct. The spemiatheca has a characteristic duct 
with a broad and stout basal portion narrowing to a short thin 


Text-figure 5. 



section which expands to the long, truncheon-shaped spenna 
theca. The duct measures 17 mm. in z, and is longer in z^. The 
latter appears not to have attained its full development, so that 
the spermatheca may grow at the expense of the duct. The 
common duct of vagina and spermatheca measures 15*5 mm. in 
z^ and only 8 mm. in z^. 

The voe d^erene measui*e8 62 mm, in z,^ and 37 mm. in z^. 
It passes to the base of the penis and is inserted into the ktter 
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at a point about two*thirds of the way from its apex downwards* 
In Zj the point of insertion is lower down. The penis sheath is 
eompleie^ and the retractor is a branch of the riglit ocular band. 

In the internal structure of the penis there is a marked 
difference between the two forms. In Zj the penis fits closely 
into its sheath. In the neck of the sheath through which the 
retractor passes is very much thickened and the retractor passed 
down it some way before it meets the penis, which is thus shorter 
than in z^. 


2. CocHLiTOMA ZEiiiiA var. FVLGUHATA (Pfeiffer). 

Two specimens were dissected, measuring 115 mm. and 94 mm. 
These are designated f^ and f , respectively. 

External Features, 

(1) Shell , — The aperture is in both cases more effuse ventrally 
than in the typical form, and the columella is sinuous in both 
cases. The sculpture starts in f^ on whorl l^-lf, in f^ on whorl 
l|-2. The character of the sculpture was mainly based upon f^ 
as f^ was very much worn. It consists of fiattish blister-like 
decussations of a more delicate texture and quality than in zebra. 
As in var. oheea they are crowded at the upper sutures. There 
is a band formed of enlarged granules running spirally round the 
upper whorls. In f^ this is lower down on each whorl than in fj. 
There are eight whorls in each case, and the granules extend 
as 3-^5 sutural rows on to the last but one whorl in f . In f, 
these are only very slightly represented, though the sliell is less 
worn. The character of the colour banding varies a good deal 
between the two specimens, but it is substantially different from 
var. obesa, 

(2) Coloration , — A detailed account of this feature will be 
found in Mrs. Longstaff's paper. 

(3) MarUle-folds^ etc,- -The cervical lobe is broad and flat in f^, 
narrow and pointed in f,. The posterior lobes are not difterent 
from those of var. obesa. 

The anvA and pneumostome lie very much as they do in var. 
obesa and their general character is the same. A special lobe is 
found parallel to and below the cervical lobe which more or less 
screens the urinary aperture as in var. obesa. 

Internal Anatomy, 

(1) Alimentary Ccmtd, 

The jaws agree in both cases. They are flatly Innate when 
viewed anteriorly. The upper surface is of the same average 
width all the way round and is rather narrow in proportion to its 
width. There are faint and irregular signs of broad ribbing and 
traces of faint striation. 

The jaw is at once distinguidied from that of var. ohem by its 
narrowness and the parallel edges of its upper plate* 



MOLLtSCAN dBKtJS COC&LITOMA. 




The radida (text-fig* 6) hee the formula: — 

i, 71. 1. 71. xl43. 

f 78. 1. 78. xl23. 

The median tooth is short-cusped and much wider than that 
of var. oheaa* The first admedian has a stout but rather low 
mesocone, a fairly well-developed ectocoiie, and only the faintest 
trace of an entocone. It is probable, though not quite certain, 
that it is less well^developed than in var. obesa. The basal plate 
is uniformly less deep than in the latter, broader and more 
rectangular. Very little difierence can be noticed in the ad- 
laterals. A curious abnormality was to be observed in f,. 
Commencing at the sixteenth transverse row, a shoi't series of 
about three rows of teeth is dwarfed and crowded closely together. 


Text-figure 6. 



Vochliloma sehra xnx.fulgurata, 
Hadula ; inedinn nnd adincdiaii teeth. 


The fharynsc . — Four maiti pharyngeal retractors pass through 
the subcerebral orifice and spread out in a broad fan- shaped 
fascia which, as in var. has a semi-lunar insertion on the 

postero-ventral surface of the pharynx. There is a short (eso- 
phagus which passes insensibly into the crop. Internally a 
Renter complication of the internal longitudinal folds, a greater 
frequency of transverse ridges, and a gimter general thickness 
enables us to assume that the crop starts about 10 mm. from the 
pharynx. Measured from this point the crops of f, and fj, are 
39 ±3 and 26 ±3 mm. in length respectively. 

The Bfdivofry glands (text-figs. 7 <k 8) differ extensively in 
f. and f,. In general they correspond to those described alwve. 
The crop jpasses inlo the anterior part of the atofnachn in f, 
abruptly, m L gradually. The stomach exhibits considerable 
differences in f^ and f . Tims in fj the shape is piriform and 
in fj irregular. But tnere is no character which differentiates 
these forma from var. obern. 

The relation between the anterior and posterior parts of the 
stoitnaeh (or stomach and c»cum) has not l^cn commented u^n 
at any length save in a general way by Wiegmann (1898). The 
stomach as a whole is bent on itself, and the apex of the bend is 
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principally occupied by the muscular portion. The floor of tlie 
latter shows a distinct ridge which separates the entrance of the 
fore gilt from the intestinal pylorus. The longitudinal muscular 
folds of the stornncli cross this ridge at right angles. In both 
forms (and in ohesa as well) the folds begin abruptly on the 
anterior side of the ridge, cross it and pass down the intestine 
for a short way. Very chnincteristic is a strongly developed 


Text-figure 7. Text-figure 8. 



Text-fijf. 7 . — Cochlitoma schra xar.ful^urata. 

Salivary (dands (fj) (Hemi-diagrammatic). 

Text-fig. 8 . — Cochlitoma zthra WBx.fulgurata^ 

Salivary glaiida (fj) (seHii-diagraminattc). 

ridge commencing close to the posterior hepatic orifice and 
running stmight down the proximal part of the intestine. 
Possibly an incomplete or degenerate iyphlosole^ it begins as a 
thick pillar and gradually diminishes in size. On one side it is 
bent on itself and accomptnied hy a smaller narrow ridge, which 
is separated from it by a narrow space. This space is continued 
up to tlie posterior hepatic orifice and round the well-marked 
angle between the ridge on the floor of the muscular portion and 
its anterior wall. It passes over on to the anterior side of the 
ridge and communicates with the anterior hepatic orifice. 
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In these general featUies there «as no ditFerence between the 
two varieties or the examples of each. 

Neither iniestme nor anu4 differs from those of var. ohesa, 

(2) CircvUcUoi^y and Re&piratory System, 

Tlie pericardium is slightly less than half the size of the 
kidney. In l)oth cases the ventricle is broader and sliorter than 
in zeifa. The pulmonaiy vein of f^ was affected by disease. 
I'hat of fj had its secondary branches more evenly distributed 
than Zj and z^. As in z.^ the pulmonary vein was a considerable 
distance from the ureter. 

(3) Renal System, 

The kidney measured : 


f, 55 dr 3 X 13 mm. 

f^ 36 db 2 X 14 mm. 


Even with this variation the kidney is in general api)eai‘- 
ancc broader than that of var. ohesa. There is no postei-ior 
groove and the j)Osterior appendage tends to lie at right angles 
to the main axis of tlie kidney. 

(4) Xervous System, 

The remarks made above (p. 254) about the connective tissue 
sheath and its geneml significance are relevant in the case of 
this variety. 

Oereltral Ganglia , — The geneiul shape resembles those of var. 
olma, Tlie position and origin of the main roots are more or 
less identical though there are differences of detail. Tiie buccal 
ganglia are fairly closely approximated in but widely separated 
by a distinctly differentiated commissure in fj. Each buccal 
ganglion gives off four antero-lateral and one posterior nerve. 
As in zebra,, there are three large labial and pharyngeal nerves. 
The innermost supplies the lower lip, the next innervates the 
sides of the mouth and sends a Imanch to the anterior tentacle 
(a branch found in obesa), while the third gives off lateral and 
superior labial and a mandibular branch. Behind and above 
there arises a very slender auditory nerve and behind and above 
this the rhinophorial nerve. 

Between this variety and obesa the most important differences 
ap|)ear to be the greater apparent differentiation of the lobule 
de sensibilite ** and the fact that there are only seven nerves aside 
in this variety. 

Pedal Ganglia, etc . — The cerebro-pedal connectives are long 
and slender. As in var. ohesa they enter the pedal ganglia in an 
antero-dorsal position. There is the same tiered arrangement 
of the pedal nerves, and in f, there are seventeen roots aside and 
probably the same number in f 

There wae not nearly so much enclosure of adjacent pedal roots 
in common sheaths as in var, ohesa. 
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FtUlial Ganglia^ etc , — The oerebro-pallial connectives join the 
pallial ganglia in exactly the same position in the two varieties, and 
in this area the arrangement is very similar to that of var. ohesa. 
There appears to be no visible distinction between the pallial, 
visceral, and abdominal ganglia. There is the same asymmetry 
with regard to the pallial roots, there being three on the left 
and only one on the right. This asymmetry was observed by 
Amaudrut in A. pantkera (1886). The three main abdominal 
nerves came off a common root in f.^. 

Text-figure 9, 



CochlUoma zebra ynx^fulgurata, 

Gonitalia. 

hd, =s iMsrmaphrodite duct. $pv, « »p®nnoviduct. apth, « upermsthcca. 
s vas deferens, pr. « penis retractor, p, » penis. 

(5) ReprodMctwe System, 

The gonad lies between the second and third whorls. The 
herma/phrodMe duot^ spermoviduct, and alhwtmn ghknd show no 
difference from those of ohesa. The vagina is long, measuring 
27 in f, and 34 mm. in fj. The spermatiieca is spatulate in Iwith 
examples and the duct is long (38^:2 in f, and 35±2 mm. in f^). 
The vas deferens measures 56±2 mm. in f. and 41 ±2 mm. m f,^, 
and therefore may be regarded as long, tnough the anomalous 



MOLLU&CAN OBNXJ8 COOHUTOMA. 


263 


oonditioit seen in var. ohesa shows that this is not a character to 
be relied upon. It enters the penis sheath in half-way down 
its length. In its point of insertion is doubtful. With regard 
to the actual junction of the vas deferens and penis a general 
approximation is made in f,, to the condition seen in The 
length of the vagina and the form and proportions of the sperma* 
theca diderentiate both examples dissected from var. ohesa, 

III. Gbottic Affinities and Vaeiation op Coctilitoma 

ZESRA VAB. OBESA AND FLLGVRAIA. 

The author does not feel justified in altering the position 
assigned by Connolly (1912) and others to C,fulguraila Pfr. as a 
variety of C. zebra. Although it differs from var. ohesa in certain 
conchological and anatomical features, conchologicnl intermediates 
(British Museum, Zool. Dept.) have been found which cannot be 
disregarded. 

It is a commonplace among systematists that between two 
varieties of a “ species or two “ closely allied species *' there may 
be complete agreement in certain respects and difference in 
others. It is plain, however, that in the case of the two vaiieties 
of C, zebra, the individtmh of a variety do not differ from those 
of a closely allied variety in res}>ect of the same characters. 
Though they may all differ to the same extent from the typical 
form in respect of, for example, two characters, they do not all 
show the same degree of difference in their other characters. In 
the present instance var. ohesa differs from var. fulgurata in 
having a truncheon -shaped spermatheca with a short duct 
as opposed to a spatulate spermatheca with a long duct, and a 
shell with narrow brown and white stripes as opposed to broad 
and jagged strij^s of brown and yellow. But one individual of 
hdgurata agreed with ohesa in having a narrow and pointed 
cervical lobe, while the other ohesa had a broad flat one. Of the 
three forms that agreed in this respect one (z,) differed from the 
two fulgxirata and in having a straight columella as opposed to 
a sinuous one. Again, one example of fulgurata and one of ohesa 
agreed approximately in the length of the vas deferens, while one 
fulgurata agreed with the two ohesa in the relation of kidney to 
pencardium and differed from its fellow. Again, the same ohesa 
agreed with fulgurata {cf, above) in respect of the columella, and 
yet the relationships of the two ohesa are reversed in respect of 
the fom of the rhachidian tooth of the radula. Two conclusions 
may be drawn from the above data: — 

(1) That the amount of correlated variation in this case is 
very slight. 

(2) That the degree of difference or agreement is independent 

of the type of organ or structure involved ; though gland- 
ular tissues appear to be more unstable than the others. 

The size and possibly the shape of glands, however, are 
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probably conditioned by tlie amount of secretion which is usually 
subject to periodic variation. 

The late B. F, Cummings and the present author put forward 
a suggestion (♦* X 1914) that internal structures would probably 
turn out to be better guides for ordinal and generic characters, 
while the external structures register specific and varietal 
difierences more readily. There would now be grounds for 
considering that the internal anatomy is neither more nor less 
variable than the external structures. 

The small amount of correlated vai-iation in these forms, and 
the irregular fashion in which individuals of a variety agree or 
differ from those of a closely allied variety, make it very difficult 
to distinguish the “ species ” and ** varieties ” of current taxonomy 
in this case. The author has come to the same conclusion as 
Pilsbry (1^1 2), that “a philosophic method of dealing with intra- 
specific difterentiation is one of the greatest needs of systematic 
zoology.'’ “Species” and “variety” appear to the author, and 
also apparently to Dr. Pilsbry, to be an assocaation of forms 
which in their mutual relationship may be singularly unstable 
and loosely associated. It is not merely a question of the 
extreme linear or graduated variability with which all naturalists 
are familiar. In that case species and varieties are c(juiva]ent 
for example to the divisions of time into hours and nnnutes as 
convenient, if arbitrary, units. In the present ease, however, 
the large amount of uncorrelated variation between individmU 
of a “variety” leaves a very strong suspicion in the mind that 
along with linear (or graduated) variability tliere may exist a 
mdial* tendency of association which cannot he expressed in 
arbitrary subdivisions. If this impression is substantiated by 
other evidence it will remain to discover which of the two ten- 
dencies corresjKinds more closely with the results of cytology and 
genetics. The author is indebted to Professor Diierjden for per- 
mission to state that certain conclusions arrived at by In'm in 
the course of work upon the Ostrich are in line with the facts 
recorded above. 

lY. On the Classification of the AcMATfmsM and 
THE Position of the Genus Cochljtoma. 

Pilsbry (1904) has taken the shell as his basis for arranging the 
twelve genera of Achatiniusa, and his first subdivision into tw^o 
main groups depends upon the presence or absence of sculpture 
on the embryonic whorls. We cannot, however, disregai'd the 
fact that examination of a number of examples in the British 
Museum collection has made it clear that the sculpture of the 
embryonic whorls of these forms differs in individuals of the same 

* The antitlieiiis between linear and radial variation u«e<l iu ibis connection may 
be criticized as vague. It i« difflcnlt, however, to find two terms which exprosR 

adequately the fact that an individual of a “species” placed in a serios prosumetl 
to express descent may, however, exhibit cliaiaoters which qualify it for a place in 
another series not necessarily expressing the same line of descent 
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8{^ecies. Thus, in two examples of BthHoa nilotica the commence- 
ment of the sculpture varied from wliorl 2:^ to whorl 3^. The 
result of this is that it is possible to find examples of species 
placed by Pilsbry in his first group (^‘embryonic whorls sculp- 
tured”) with sculpture starting in exactly the same spot as it 
does in species placed in the second group. For example, in the 
two examples of (7. zebra var. fulgurata in the British Museum 
the sculpture starts on whorl 2|, the same position as in an other- 
wise typical Burtoa nilotica. A more sei*ious consfr|uence is that 
Pilsbry^s ari-angement cuts right across several other potential 
arrangements of equal and possibly greater importance. The 
character of the penis retractor which is either inserted on the 
diaphragm or on the right ocular bend, that of the penis ring- 
muscle, whether a complete sheath or annular, and the character 
of the admedian teeth, whether having three, two, or one cusps, 
are three out of many characters which might be used as a basis 
and, if used, would give a different arrangement of the genera 
and species. 

If a chissification based upon the shell gives (as it certainly 
does) a different result from that based upon the nnlular 
(jharacters, and if the latter yields a different scheme from that 
based upon the insertion of the penis retractor, it is plain that 
any clnsaitication based upon a single character must be arbitrary ♦. 
What is required is a complete knowledge of the variation and 
mode of inheritance of all the important structures in each genus 
and a classification based upon the gimtest measure of agreement 
among the various forms. 

The anatomy of all the genem and species of this subfamily is 
not known. It may be, therefore, argued that a provisional 
ari-angement based upon the only organ known in the si)ecies, 
viz. the shell, is justified. 

If, however, the obje(;t of classification is a correct anangement 
expressed in terms of relationship, it would seem best, in cases 
such as the present, to select from all the available data a com- 
bination of the more important charactei*s as a basis and to 
arrange the species upon it as far as possible, even if some are 
left vaguely designated as ‘‘Achatina.” The selection of a 
diameter (in this case the shell) that will enable ever^/ species, 
whether known completely or not, to be given a definite place, 
involves the production of a scheme tliat sooner or later has to 
be revised, if not abandoned altogether. 

With regJivd to the conchological genus CocMitoma itself, 
only three species are known anatomically, and of these only the 
two varieties of zebra are known in any detail. But it is 
very doubtful whether these four forms are referable to the 
same genus. (7. crawfordi differs from the others in the 
remarkable insertion of its penis retractor. (7. granulaia 

• Nete , — It i« concoivahle tliat iiitensivo study may *»how tliat, witliin a 
genus, one oigan or struutare rejects genetic modifications better than others. But 
this has yet to be proved. 
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does not fall into line in the character of its penis sheath* These 
two forms also appear to be separate from the other forms H 
respect of the jaw (e* supra). Conohologically some of tiie fcxrms 
included are indistinguishable from A^udina (s.s.). We there- 
fore conclude that the present conception of the genus Cachlitoma 
is unsound* Fresh data are, however, necessary l)eforo a &isl 
arrangement of the forms involved can be made* 
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16. A ttevision of the Melolonfchine Beetles of the Geims 
Eakmh^plia, By G. J. Aurtow, F.Z.S., F.E.S. 

(Plate 1.) 

[Received January 6, 1921 : Read Apnl 5, 1021.] 

The genus Jloplia contains an enormous number of species, 
often of great beauty but extremely variable and difficult to 
discnminate. Attempts to divide it into smaller genera have 
not been v€?ry satisfactory, but EclinohopUa^ contiiining a number 
of Oriental species of modewitely large size, distinguished by the 
pi’Opy^hlium not being covered by the elytra, in addition to the 
existence (generally) of a tuft of bristles at the extremity of the 
elytral suture, is fairly well defined. Home of its species, 
however, have not been referre<l to it, and others have been 
described under more than one name. 1 have therefore 
attempted a revision of the genus, and the accompanying key to 
the species includes all those at present known to me as members 
of it. The striking difference iu the coloration of the scales 
which distinguishes the two sexes of some of the species has 
luthei*to not been noticed. (Jontmry to the general tendency in 
insects, the females of some of the species are remarkable for the 
occurrence of splendid golden, silvery, or iridescent scales, 
replaced by dull settles in the other sex. 

Although differences of this kind are not very unusual, it is 
almost invariably the male which shows the brighter coloration ; 
and it is therefore interesting to obseiwe in the exceptional 
instiitices here brought to notice that the brilliant clothing of 
the females is almost confinetl to parts of the body where it is 
concealed in the ordinary position. 

In the male of suturedis (Plate I. fig. 1) the whole of the 
KCivles, of the upper and lower surface alike, are of a uniform pale 
non-brilliant blue, iu striking contnist to the yellow and golden 
scales of the female (Plate I. fig. 3), in which, however, those of 
tlie upper surface are not briiliant, while upon the abdomen they 
are of the richest gold and pale metallic hliie. Under a high 
power of the microscojpe the difference is seen to be due to a 
fundamental difference ui the individual scales. The golden scales 
of the female are deeply pigmented and completely smooth, but 
the <lull blue scales of the male are devoid of pigment and the 
surface is covered with a dense clothing of fine haiis or hairlike 
outgrowths, to which the opacity and blue colour are evidently 
due. A remarkable change is effected by moisture upon 
the opaque scales, which immediately become metallic and 
glistening. 

E. aurivmtrU Moser has a similar sexual difference, the 
scales of the lower surface, pygidium, and propygidium being 
golden in the female and opaque orange colomed in the male. 
Paoo, Zooif. Soc.— 1921, No. XIX, 19 
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In several of the new species here described the females have the 
median part of the body beneath decorated with beautiful silveiy 
or iridescent scales. 

The iirst to deal with any species of Ectino?ioplia was Wollaston, 
who bestowed the name Hoplia paivce on specimens taken by 
Fortune in “ N. China.” These specimens actually consisted of 
two species, typical specimens of both of which were bought by 
the British Museum in 1855 and 1858, labelled ‘*N. China 
(Shanghai).” Wollaston regarded them as belonging to a single 
species, but the form which he described ns typical, and to which 
I restrict his name, is that sul)sequently called Ectinohoj^ia 
variegata by De Borre, and again descril)ed by Beitter os 
E. r>ariahilis^ by Fairmairo as nigrotincta and guttaiieolliB, and 
lastly by Moser as ^7. tonkinenais, Wollaston’s second form is 
E, hispidula Beitter, 

E. suturcdis Be Borre was re-named chrysura by Beitter and, 
again, luUoBtriata by Brenske, while E, diabolicay of Beitter, is a 
dark variety of it. All these names were applied to the female 
form alone, this being apparently the more numerous sex, for 1 
have seen 46 specimens as compared with 14 males. 

I do not know JE. davidis and p'lctipesy of Fairroaire, E. kuttm- 
hachfiTi and mws, of Nonfried, or K, trichotay of Jakowleff, some of 
which may not belong to the genus, an<l these are therefore 
omitted from the following Table of Species. E, laiemturaita 
Fairm., also omitted, belongs to the genus Hoplia, 

Synoptical Table of the Species, 

1 (32), Hind claw entire. 

2 (29). Mesonotum not covered with glistening blue scales. 

3 (22). Not very elongate; hind tibia not much dilated. 

4 (21) Fygidium not brilliant. 


6 (16). Pronotuni without tubercles. 

6 (13). Pronotum without close erect setK. , 

7 (12). Pronotum without black patches. 

8 (9). Clypeus straight in front rmfipes Mott. 

9 (8). Clypeus evenly rounded. 

10 (1 1). Hind femora densely scaly formoMna^ ap. n. 

11 (lo). Hind femora not densely scaly graciUpet Lewis. 

12 (7). Pronotum decorated with black patches paivaWoW, 

13 (6). Pronotum clothed with close erect set®. 

14 (16). Median elytml bar angular hispidula Reitt. 

15 (14). Median elytral bar straight triplagiata Fairm. 

16 (6). Pronotum bearing tubci’cles above. 

17 (18). Pronotum with two-tulwi’clea sinuatieollis Moser. 

18 (17). Pronotum with four tubercles. 

19 t20). Surface pole 4ftubspculata Ve Boeve, 

20 (19). Surface dark inseriptay ap. n. 

21 (4). Pygidium brilliant indiea Moser. 

22 (3). Elon^te, with dilated hind tibi®. 

23 (28). l^gioium dull-oolouretL 

24 (27). Hind femora dull. 

25 (26). Elytra with three transverse bars soror, sp. n. 

26 (26). Elytra with two transverse bars latipss, sp. n. 

27 (24). Hiiid femora brilliant tihialis, sp, n, 

28 (23). Pygidium bright*ooloured auriffsntris Moser* 

29 (2). Mesonotum clothed with glistening blue scales, 

30 (31). l^i^dium bearing two black spots PruHeauda, sp. n. 
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dl (80). ^gidium not gpotted iuturalU De Borre» 

88 (1). Hind claw cleft. 

S3 (44). Scutellnm email. 

34 (37). Lower anrface entirely dull. 

35 (36). Head densely scaly ohdueta Mots. 

86 (35). Head scarcely scaly tvlphureivmtrU'BLoM, 

37 (Si). Lower surface more or less brilliant. 

38 (43). Pygidium not shining. 

39 (40). Pronotura deeply trUulcate fiavica^ay sp. n. 

40 (89). Pronotum feebly trisulcate. 

41 (42). Sutural line green, complete affinia, sp. n. 

42 (41). Sutural line blue, incomplete mtidwentria, sp, n, 

48 (38). Pygidium brilliant nitidicauda, sp. n. 

4i (83). Scutellum largo acutellatay sp. n. 


Eotikouoplia formosaka, sp. n. 

Pioea, supra et subtus squamis fulvo-cinereis, aliis pallidioidbus 
interspersis, densissime vestita, capite pedibusque, femoribus 
posticis exceptis, squamis opalescentibus minus dense tectis; parum 
elongata, depressa, clypeo nudo, nitido, margine antico semioircu- 
lari ; pronoto convexo, quam longiori paulo latiori, lateribus 
medio-leviter angulatis, antice et postice contractis, angulis 
anticis acutls, posticis obsoletis, scutello minute; elytris depla- 
nutis, postice sepamtim rotundatis, ad suturao finem setis munitis ; 
pedibus gracilibus, tibia antica dentibus tribus approximatis 
armata, pedum posticorum ungue integro : 

cT , fronte squamis rotundatis parum nitidis sat crebre vestito ; 

$ , fronte setis angustis sat parce vestito, metasterni et 
abdominis subtus medio squamis argenteis ornate* 

Long. 8*5 mm. ; lat. max. 4 mm. 

Hah. Formosa. 

This is intermediate between E. rnfipes Mots, and E^ graeilipea 
Lewis, and is closely similar to each. It is rather smaller than 
E. Tufipes, and fclie narrower, more rounded, clypeus will readily 
distinguish it. From /?. gracUipes it differs by its more dull- 
coloured scales, the n\ther less slender and more densely scaly 
legs of the male, and the glistening silvery-blue and pink scales 
at the middle of the metjisternum and abdomen of the female. In 
the latter sex the forehead is clothed with rather scattered narrow 
opalescent seteB, I’eplaced in the male by more closely-set large 
round scales. 

Ectinohofua inscripta, sp, n. (Plate L fig. 12.) 

Nigra, vel fusco-brunnea, an tennis pedibusque rufis, femoribus 
pallidioribus, oorpore subtus, propygidio, pygidio, femoribusque 
posticis dense squamis olivaceis et flavis intermixtis vestitis (sed 
foeminae corporis medio et femorum posticorum squamis aureo- 
viridibus), femoribus anticis et intermediis baud dense aureo- 
squamosis, fronte parce aureo-squamoso, pronofci lateribus et 
angulis anticis dense, disco laae, squamis olivaceis et flavidis 
omato, elytrorum marginibus anguste fasciisque tribus undulatis 
squamis similibus omatis ; pamm elongata, capite setoso, clypeo 
semicircnlarb pronoto qaam longiori paulo latiori^ dorso transverse 
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4-tnb6rcii1atO) lateribus ai'cuatis, medio vix angolaiis, anguMft 
anticis a, cutis, posticis obsoletis ; scutello sat minute, acuminate ; 
elytris quam prothorace mill to latioribus, deplanatis; pedibus 
gracilibus, posticorum ungue integro : 

d* , tibia aiitica elongatiV, minute tridentata ; 

9 , t ibia lata, fortiter tridentata. 

IxKig. 8’5~9*5 mm. ; lat. max. 4*6 mm. 

Hah, 8. China : Fo-kien. 

Tliis belongs to the group in which the claw of the hind tarsus 
is not cleft at the tip. It is a little mwe slenderly built than 
most of that group, darker in the colour of the upper surface, 
without definite pattern upon the thorax and with the elytral 
pattern reduced. Sometimes, as in E. ohdticta and auiuralia^ the 
paler scales are entirely wanting above and the sin*face a uniform 
blackish brown. As in £. i^-tubermlata^ the prouotum bears 
four tubercular elevations in a tninsvei*se straight line across the 
middle, but that species is quite difleient in its surface, being 
almost covered by pale scales. Jn lU, inscripta these pale scales 
are of two similar shades intermixed, but they are scattered upon 
the jironotum and consist upon the elytra of a fine marginal line 
and three nari’ow incomplete transverse bands. 

Ectinoiioplia sorob, sp. n. (Plate 1. fig. 2.) 

Nigra, corpore subtus, propygidio, i>ygidio, femorisque postici 
parte majore dense sulphureo-wjuaiiiosis, pronoti margine (jiostice 
medio interi’iipto), liuea angusta mtwliana maculaque parva 
utrinque, scutello, elytrorum margine angusto (basi excepio), 
fasciis tribus transversis, priuia posthumerali recta, secunda 
mediana, teHia anteapicnli, biarcuatis, lineisque tribus exiguis 
longitudinalfbus, femoribus anticis et intmnediis sat dense, 
capitis f route, tibiis, tarsis, femorumque posticorum extrernita- 
tibus disperse argenteo-cmruleo-squamosis ; sat elongata, capite 
rugoso, clypeo seinicirculari ; pronoto (juam longiori paulo 
latiori, latoribus medio angulatis, antice ei jxistice valde con- 
tractis, angulis anticis acutis, posticis obtusis ; scutello minuto ; 
elytns quam prothorace latioribus, dorso rleplanato, ad suturoe 
finem longe setosis ; pygidio parce setoso ; pedibus longissimis, 
posticorum ungue integro : 

cf , tibia antics dentibus tribus minutis, approximaiis armatis, 
posticis compressis, basi excepto valdc dilatis, abdoniine subtus 
fortiter curvato. 

Long. 11 mm. ; lat. max. 5 mm. 

i/a6. 0. China (Fo-kien): Kuatun, 

Very closely related to E, latipea and with the legs exactly as 
in that species. It is a little less elongated, and the sides of the 
prothorax are a little more sharply angulated in the middle. The 
scaly clothing of the propygidium, pygidiuin, lower surface, and 
legs is identical, as well as the yellow pattern of the pronotom. 
The elytral pattern is almost the same as in E, mriegaia De 
llorre. There are three well-marked transverse bars, the first 
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nearly straight, placed just behind the shoulders, and the other 
two curved and angulated at the suture. ^J'he inner, outer, and 
hind edges ai*e narrowly margined, and there are txnces of three 
slender lines crossing the transverse bars longitudinally. 

I know only a single male. 

Ec?ttnohoplia latipes, sp. n. (Plate I. fig. 5.) 

Nigra, corpore subius, propygidio, pygidio femorisque postici 
parte inajoi'i dense sulphureo-squamosis, pronoti margine (hoc 
antice et postice medio interrupto), linea mediana angosta 
maculaque iitrinque parva, scutello, elytrorum margine angusto 
(basi inteiTupto),Hneislongitudinalibiis discoidalibus tribus, fasciis 
duabus transversis, nounuiiquam interruptis, internexis, harnm 
antica postluunorali, recta, posticxi antemediana, jid suturam 
angulata, leviter arcuata ; femoribus anticis et intermediis 
posticor unique extremitatihus sat dense, capitis f route, tibiis 
atque tarsis disperse argenteo-coeruleo-squamosis; elongatJi, 
angusta, capite rugoso, subnitido, clypeo semicirculari ; proiioto 
quani longiori pavum latiori, lateribus medio angulatis, antice 
et postice valde contmctis, angulis anticis acutis, posticis 
obsoletis; scutcdlo ininuto; elytris quain prothorace latioribus, 
elongatis, dorso deplanatis, ad sutunc fiiiem setis longis instructis; 
pygidio erecte sctoso, pedibus longissimis, posticis crassis, honuu 
ungue integro : 

cJ , abdoinine snbtos fortiter ciirvato, pygidio eloiigato, tibiis 
anticis dentibus tribus minutis paruni remotis anuatis, posticis 
elongatis, com[)ressi^, basi excepi^o valde dilatiitis. 

Long. 11-12*5 nun.; lat. max. 5 mm. 

Ifah, Tonkin: Cluipa (A*. Vital is de Salvaza — May, June, 
July), Paklay (Laos) (August). 

This is a very slender-bodied species with a pattern similai' 
to that of E, nitidicauda ami jyawm. In its undivided lund 
claw and the metallic scales confined to the head and legs it 
.shows a closer relationship to the latter. The thoracic pattern 
is almost the same, but the yellow bars upon the elytra, 
both longitutliual and tmnsvei*se, ai’e very slender, and only two 
o.f the latter, both situatt^Ml before the middle, are recognizable. 
The most distinctive feature of the species is found in the very 
bi*oad hind tibia?, especially in the male. The abdomen in that 
sex is very strongly arched and the pygidium longer than it is 
broad. 

Ectinohoplia TlBiAKis, sp. u. (Plate I. fig. 8.) 

Nigra, corpore subtus, propygidio pygidioque dense siilphureo- 
squamosis, pronoti linea inte^a mediana, margine toto (antice et 
postice except©), puncto utrinqirt*, scutello elytrorumque margine 
angusto mt©gro(bftsi nontiunquam interrupto), lineistribus tenuibus 
longitudinalibus fasciaque transversa interrupta paulo post basin 
pallide viridi-squamosis, femoribus sat dense, tibiis capitisque 
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fronte disperse aureo-viridi-squamosis ; valde elongata^ angusta, 
capite rugose, setoso, clypeo semicirculari, pronoto qnam longiori 
paulo latiori, lateribus medio angulatis, antice et postice valde 
contract] 6, angulis anticis acute product is, posticis obtusis ; 
scutello minuto ; elytris prothorace vix latiori bus, dorso depla- 
natis ; pedibus longissimis, posticorum ungue integro ; 

(S , abdomine subtus fortiter arcuato, tibiis anticis dentibus 
duabus parum remotis armatis, tertio obsolete, tibiis posticis 
elongatis, compressis, basi excepto valde dilatato* 

Long. 9*5 mm. ; lat. max. 4 mm. 

Hob. Assam. 

Like E, loitipea, aoror, and auriventris^ this has the hind tibia 
dilated beyond its base, especially in the male. It is smaller than 
any of those species, of the narrowdy elongate form of the first 
and almost identical in colouring and pattern, the scales being 
quite dull, except upon the head and legs, where they are silvery, 
those of the hind tibia included. The longitudinal lines of pale 
scales upon the elytra are almost entire, and tliere is an incomplete 
transverse band just behind the base. The scales of the tibiie 
and tarsi are much narrower than those of E. latipes, 

A second specimen, a female, apparently belonging to the 
species, is from the Xhasi Hills, but the single male bears no 
precise locality. In the female the longitudinal lines of the elytm 
are interrupted in the middle. 

Ectinohoplia oculicauua, sp. n. (Plate I. fig. 4.) 

Nigra, pronoti angnlis anticis extiemis lineaque aiigusta, 
mediana, scutello toto, elytrorum margine suturali angusto 
maculisqiie minutis externis posthumeralibua, corpore subtus 
pedibusque (his parce) sipiamis metallico-coTuleis vestitis, ab- 
dominis lateribiis, propygidio et pygidio lade aureo-squaraosis, 
hoe basi maculis duabus nigris ; elongata, capite rugoso, snbnitido, 
nudo, clypeo parum transverso, margine arcuato, pronoto erecte 
sat longe setoso, quam longiori tertia parte latiori, antice et 
postice fortiter angu.stato, angulis anticis acutis, j)Osticis 
obtusissimis ; scutello minuto; elytris dorso deplanatis, postice 
separatim rotunda, tis, ad suturae finein setis munitis; pedibus 
gracilibus, tibiis anticis dentibus tribus distantibus armatis, 
tarsorum posticorum ungue integro. 

Long. 10 mm. ; lat. max. 4-5 mm. 

Hah. Tonkin : Cliapa (i?. Vitalis de Ealimza — May, June), 

I have seen females only. The male will no doubt be found to 
be strikingly different, as is the case with the closely -related 
E, auturalia De Boire (Plate I. figs. 1 3), of which also the 

female only has hitherto l>een described. E* octdicauda (female) 
is similar in shape and pattern to the latter, but the median 
stripe, instead of being opaque yellow, is brilliant pale blue, like 
the lower surface, and the beautiful golden or silvety-blue scales 
of the pygidium are contrasted with a black eye-like spot on each 
side at the base. 



BSSTLBS OF TB^ GBKUS BOTlNOHOrLIA. 


273 


Eciznohoflia flavicauba, sp* n. (Plate I. fig. 7.) 

Nigra, squamiB coaruleis et flavidis ornata, capita nigro, pronoti 
linea mediana dnabusque lateralibus obliquis, elytrorum sutura 
late, lateribus angustius, squamlsque sat numerosis interspersis 
cceraleis, opacis, pedibus, metasterni et abdominis medio squamis 
ooaruleis nitentibus, pronoto aiigoliB anticis, propygidio, pygidio 
oorporisqiie aubtus lateribus squamis sulphiireis vestitis ; parum 
elongata, capite rugoso, setoso, vix squamoso, clypeo semicirculari, 
pronoto parum latiori quam longiori, 4-carinato, carinis externis 
obliquis, abbreviatis, lateribus medio angulatis, antice ot postice 
valde contractis; elytris pronoto multo latioribue, deplanatis, 
ad suturne finem setis longis instructis ; pedibus modice gracilibus, 
posticorum UTigue fisso. 

Long. 9~10 mm.; lat. max. 5 mm. 

Hob, Tonkin: Chapa (7i\ Vitalia de Salvaza — May, June, July). 

This resembles JS, sutphureive^Uria rather closely, but is smaller, 
rather shorter, with the pronotum much more deeply channelled 
along the middle and on each side, so that four distinct carinas 
are formed, the two median ones nearly straight and the two outer 
strongly oblique. These are always black, whilst the depressed 
parts of the surface contain blue scales. The scutellum is small 
and may be with or without blue scales. The elytra are shorter 
and brojider than those of E, mdpkureirtniria, with a similar and 
equally undefined au<l variabfe pattern formed by scales of a 
rather brighter blue colour, which are densest around the scutellum 
and along the inner an<l outer margins. The exposed part of the 
propygidium, the pygidiuin, and the lower surface of the body are 
densely covered, as in the Chinese species, with dull sulphur- 
yellow scales, but the entire median part of the metasternum and 
abdomen bear instead scales of a bejiutiful glistening blue, with 
which the legs are also adorned, but less densely. There is a 
denuded patch on each side of the metiisternum. In the male the 
front iibite are more elongate and the teeth shorter and much 
closer together than in the female* 

Ectinohoplia affinis, sp, n. (Plate I. fig. 9.) 

Nigra, squamis pallide viridibus supra ornain, pronoti linea 
Integra mediana margiueque laterali, ab angulo postico intus 
retrorsum producto, scutello, elytrorum mai'gine integro suturali, 
880 pe cum margine tenui externo connexo, viridibus, cor|)oris 
subtus lateribus pygidioque dense viridi-squamosis, illius parte 
mediana argenteo^cceruleo-squamosa ; modice elongata, capite 
rugoso, setoso, vix squamoso, clypeo semicirculari, pronoto longi- 
tudine sua parum latiori, trisulcato, lateribus antice et postice 
contractis, angulis anticis acutis ; elytris postice sieparatim 
rotundatis, ad suturse finem setis longis instructis; pedibus modice 
gracilibus, ^ticorum ungue fisso. 

Long* 7-7*5 mm. ; lat. max* 4 mm. 

Hah. Assam : Khasi Hills ; S.W. China : Yunnan, 



274 


MR. G. 0^., ARROW ON THB MBLOLONTTHINR 


Of the same size, shape, and general appearance as M, ihiUdh^n- 
iriSf but with the pattern of the npj>er surface composed of uniform 
pale green scales. These form a continuous median line from, the 
front margin of the prouotum to the hind margin of the elyti’a, 
round which they are continued » and generally unite with a lateiRl 
margin extending from the shoulder. There is also a lateral loop 
of similar scales on each side of the pronoturn formed by a rather 
broad border, continued round the front angle and almost reaching 
the hind angle, where it remains open. Tlie pygidium and sides 
of the l>ody beneath aie densely covered with similar green scales, 
and the median part is clothed with silvery- blue scales, also 
sprinkled thinly over the legs. 

Ectinoiiopija nitidivbntris, sp. n. (Plate I. fig. C.) 

Nigra, squamis supra coeruleis, subtiis viridibus ornata, capita 
nigro, pronoti vitbis tribus exiguis, elytrorum vitfca sutiuali pos- 
tice abbreviata squamisque nonnullis posthunieralihus emiuleis, 
opacis, pedibus, metasterni et aMominis medio ^luamis argenteo- 
viridibus, pronoti angulis nnticis, propygidio, pygidio eorporisque 
subtus laterihus squamis pallide viridibus opacis vestitis; inodice 
elongata, capite riiguso, setoso, vix wjuamoso, clypeo semicirculari, 
prorioto longitmline sua parutn latiori, trisulcato, lateribus 
anticc et postice contractis, ai^gidls aniicis acutis ; olytvis jM)stice 
sepiwatim rotundatis, ad sntniw linem setis longis instructis; 
pedibus modice gracilibus, ^K>sticorum ungue fisso. 

Long. 7*5-8*«) nun. ; lat. max. 4 mm. 

I/ab, Assam (Khasi Hills): Shillong, 3000 5000 ft. {A\ K, 
Timur — April, May), (lauhaii, 1000- 3000 ft. 

Closely related to E, fiaiHcawla and mlphwreiveniru. As in 
the former, tlie scales covering the median part of the inetasternnm 
and abdomen are extremely brilliant, but of a pale silvery green 
inste^id of blue. Tt is rather more elongate in siiape than that 
species, the elytra being narrower, and the three sulci of the 
pronoturn are less deep. The scales forming the pattern of the 
upper surface are of the same bright blue colour but are reduced 
in number. Those in the thoriudc grooves ai*e very few except at 
the base of the median groove, where they form a triangular 
patch. The scntellum may or may not bear similar blue scales, 
and the elytra have a rather broad, elongate, indefinite patch upnn 
.the suture, beginning at the scntellum but not reaching the hind 
margins. Thei*e are also scattered scales of the same colour at 
the sides behind each shoulder, usuallj^ not extending beyond the 
middle. The exjK>84‘d jiart of the propygidium, the pygidium and 
the sides of the ho<ly beneath, as well ns the front angles of the 
pronoturn, aie densely covered with scales of a very pale green 
colour. The front tibia? of the male are more slender than those 
of the female. Their teeth are less close together than in the 
male of E.Jlavicauda. 
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BCTmOMOPI.lA NWIDICAITDA, Sp. H. (PlAte I. fig. 10,) 

Nigra, sqiiatnis flavis vel fulvin efc aureis ornata, capite baud 
dense aureo-sqiiamoso, clypeb fere denudato, pronoti ma^gi^iibus 
anticie et lateralibus, linea angusfca mediana vittaque utrinque 
oblique, plerumque abbreviate vel disrupta, elytrl singuli 
inarginibuH (antico exeepto) lineisque duabus angustis uoiinun- 
quam faeciis tribus transversia inten-uptis connexis, f ulvis vel fiavis, 
pedibue, propygidio, pygidio corporisque stibtus medio pallide 
viridi-anreis, bupis lateribus sulpbureis; parum el on gata, capite 
setoso, clypeo subnitido, seinieirculari, pronoto sat brevi, medio 
eulcato, lateribus medio obtuse angulatis, antico valde con- 
traotis, angulis enticis acutis, posticis obtusis, elytris protborace 
latioribus, baud elongatis, posticc separatim lotundatis, ad suturae 
finein netis longis instructis, pedibus gracilibus, rufis, posticorum 
ungue fiaso. 

Jjong. 9-10 mm.; lai. max. 5 nun, 

Ifah, Tonkin : Cbapa (/i^ Vitaiis de SalvoLza — June). 

Similar to IL vari^gaia lie Borre and E, ohducta Mots., but 
easily distinguished by the brilliant silvery-green scales covering 
the pygidium and part of tbe lower surface. The scutellum also 
is larger. Tl)e scales forming the patteni upon tbe upper surface 
ai'e generally ocb re-coloured, but sometimes pjde yellow or of both 
tints iutennixod. Tlie bea<l bears rather scattered golden scales; 
the proiiotum has a narrow median line, a marginal line, which 
generally includes tlie front margin but does not extend past the 
bind nDgl(?s, and an obli(|ne mark on each side, sometimes extend- 
ing from the base to the front margin, sometimes abbreviated 
in front and sometimes reduced to haail and median spots. Tbe 
scutellum is larger than in the two species just mentioned, and 
has usually only a ftwv scattercMl yellow scjdcs. The elytra, in 
addition tu a marginal line not including tbe ba.se, have each two 
narrow longitudinal straight lines on the disc exteniling from 
the Iwise nearly to the extremity. Tiiere may be also fragments 
of three, st-might equidistant transverse bars connecting the 
longitudinal ones. The scales of the propygidium, pygidium, 
ami legs are entirely pale silvery green in both sexes, and those 
of the whole median part of the inetasternuni and al)domen in 
tlie female. In the male the latter region is covered with dull 
yellow and brilliant scales intermixed. 

Ectikohoplia scuteu-ata, sp. lu (Plate I. Ug. 11.) 

Nigra, pedibus antemnisque rufis, eorpore toto squamis ocbraceo- 
f 111 vis at<|ue bnmneis dense vestito, eorpore supra setis minutis 
erectis nigris sat aaqualiter intersperse, pedibus et capite (femi- 
nipfjue pronoto antice) aureo-squainosis ; convexa, clypeo semi- 
circulari, pronoto fere duplo latiori quam longiori, supra baud 
salcato, lateribus medio sat fortiter angulatis, antice et postice 
valde angostato, angulis anticis acutis, po8ti<iis obtusis ; scutello 
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magno; elytris postice separatim rotundatis, ad satum finem 
baud fasciculatis ; pedibus gracilibus, posticorum iingtie fis 80 » 

Long. 7*5 mm. ; lat. max. 3*6 ram. 

Hah. Tonkin : Chapa (if. Vitdlis de Salvaza — June). 

I refer this species to Mctinohoplia because the propygidium is 
almost entirely uncovered by the elytra, but the latter are without 
the usual tuft of bristles at the sutural angles. The nebulous 
pattern of the elytiu is unlike that of any species of EctinohopUa 
except E. mdica Moser, but is of a type common to many species 
of Hoplia (e.g. //. elegantula White, aurantiaca Wat,, aurotineta 
Fairm., etc.). The ground-colour is an ochreous yellow, some- 
times with a tinge of green, and there are vague markings of a 
fawn or pale chocolate colour, consisting of a transverse patch 
on each elytron behind the middle and a paler, less-deflned, 
and narrower arcuate patch before the middle. The scutellum, 
the outer margins, and a patch at the end of the suture are 
also generally darker than the general surface. The lower 
surface is densely clothed with yellow scales, and those of the legs 
and the clypeus and anterior part of the head are of a pale golden 
colour. The species is elongate, with the pronotum distinctly 
transvense but narrower than the elytra, its sides strongly con- 
tracted liefore and behind, the angles well-marked, the fi'ont 
angles acute, the hind obtuse, and the base lobed in the middle. 
The scutellum is large and the elytra are little flattened. The three 
teeth of the front tibia are strong and sharp, and not placed close 
together. The claw of the liind tarsus is cleft. In the female 
the scales of the median anterior part of the pronotum are 
metallic, as well as the whole of those upon the head. 


EXPLANATION OP PLATE I. 


Pig. 1. mctinohoplia suturalif Do Born*, male. 


2. 

n 

soroTt Hp. n. 

8. 

)7 

Buturalh De Borre, foinale. 

4. 

tt 

ocuHcaudat sp. ii. 

5. 

9f 

talipes, sp. ii. 

^6. 

M 

nilidiventris, sp. n. 

"7. 

ft 

fiavieanda, sp. n. 

^8. 

M 

tibialis, sp. n. 

✓ 9. 

ft 

afflnis, sp. a. 

10. 

ft 

nilidicauda, sp. n. 

11. 

ft 

scutellata, sp. n. 

12. 

ti 

inseripta, sp. n. 



THB ANAl^HY OP THE TONOtJBS OP THE MAMMALIA. 277 


17* The Oomparative Anatomy of the Tongues of the 
Mammalia. — TII. Family 2. CercopitheciJse : with 
notes on the comparative physiology of the tongues and 
stomachs of the Langurs. By Chaklbs F. Sonntag, 
M.D.^ F.Z.S., Anatomist to the Society. 

[Receivod Januai’v 24« 1021 : Read April 6, 1921.] 

(Text-figures 16-36.) 

COHTBHTB. 


Page 

Introduction 277 

Genus Vre9hjft€» 278 

Genus Colohus 282 

Genus Cereopithecus 282 

Genua Macaeus 299 

Genus Ccrcoeehu$ 309 

Genus Theropithecus 812 

Genus Papio 312 

Summary and Conclusions 321 

Bibliography 821 


Introduction. 

The papers dt'aling with the tongues of the Cercopithecida) 
which have aheady appeared are divisible into two groups. In the 
lii'st group are included papers by Mayer (7), Munch (8), Chatin 
( 4 ), and Tuckennaii ( 11 ) on the mmilier and an-angement of 
the vallate papilhe, and the taste-buds. In the second group the 
papers give short accounts of the entire tongue, as j>art of 
the description of the anatomy of the whole animal or its 
alimentary canal ; and the best examples of papei*s of this kind 
are Flower’s I^ectures on the Organs of Digestion of the 
Mammalia ’’ (6). 

Most of these papers have tlie defect that they stivte one form 
of vallate papillary grouping for each tongue. 1 found, however, 
that all the difierent forms of vallate papillae occurring through- 
out the Cereopithecidae will be found in most species if a sufficient 
number of examples of each are examined. Consequently, 
one should qualify each account by a statement that such and 
such a type occurs in the majority of examples of, say, Macacua 
rhem$y but other types may appear. 

The tongues of the Oercopithecidee possess characters which 
unite them to the tongues of the Cebidie, and sepaiute them from 
those of the Bimiidm. Their vallate papillae, at least in my one 
hundred and forty-nine examples, are never ananged in the 
Y-form» as in most of the Simiidap, but adopt the triangular, 
Y-arrangement or double-pair type. The orifices of gland ducts 
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are more numerous than in the Simiid®, and the lateral organa 
possess very difierent characters. In the Simiidie, as was shown 
in my last piiper ( 18 ), the lateral organs consist either of convex 
bodies on the sides of the tongue, or of fissures and laminso on 
the dorsum ; in the Oercopitliecidce they consist of rows of fissures 
and lamin^B on the lateral borders. 

In all the Oercopithecidae the following structures are absent : — 

1. Foramen csecurn. 

2. Apical gland of Nuhn or Blandin. 

3. Lytta. 

4. Plic® fimbriat®. 

The plicoci may, however, be present in the very young animal 
(see page 291), and disappear as age advances. 

The species of different genera have been arranged in groups, 
according to their external characters, i)y Pocock and others, but 
they cannot be so arranged according to the characters of their 
tongues. I have arranged my species of Cercopithecua according 
to Pocock’s grouping, and it will be seen how the lingual 
structures vary, sometimes considerably, in each of the groups. 
As regards classification, I will not go farther than state that 
the members of the u^Ethiops- group are the only species of 
dercopithemia in which the vallate jwijdllaB exhibit the double 
pair type in a [>ure or unmodified form. 

In most tongues the conical and fungiform papilla* (‘xhibit the 
usual arrangement in clusfers and rows of varying degrees of 
obliqnit}^, and the conical pnpilloQ have the usual distribution 
according to size ; their points, as a rule, have the usual 
direction. The fungiform papill® stretch across the entire dor- 
sum or are absent from the centre, thereby forming a dorsal 
bounding zone. 

Genus Presbvtes (= Semnopitiiecus). 

Tub Purple- faced Langur {l\ cephalopienta). 

Habitat : Ceylon. 

Meaaiwenunia , — Total length 3*7 cm. ; length of the oral pai*t 
II cm. ; length of the plnivyngeal part *7 on. ; width l>etw'een the 
lingual attachments of the pilato- glossal folds 1’4 cm. ; width of 
the anterior part 1*5 cm, ; thickness in the vallate area PI cm.; 
thickness of the apex *2 cm. 

The spatulate tongue has a fiat apex ; the latter is devoid of a 
notch, and is covered by small conical and fungiform papill®, but 
the latter are not numerous. The lateral borders are rounded, 
and have papillte disposed in the usual manner. The fungiform 
papillce thereon are neither numerous nor prominent. They also 
lodge the lateral organa, which are well-developed, thus agreeing 
with the description of Boulart and Pilliet (1). The structures 
mentioned above are absent. 
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The Circumvallate PapiUas (text-fig. 16 D). 

Three prominent, circular, vallate papillje form an isosceles 
triangle whose acute vertical angle is directed backwards. All 
are bluish-black in colour, granular, and have white secondaiy 
papillao at their anterior poles. All the fossaQ (text-fig. 16 D, e) 
and valiums are well-marked, aild the posterior vallum is coarsely 
nodulated (text-fig. 16 D, 6 and c). 

The vallate triangle contains several large conical papillse, and 
a large fungiform papilla bisects the base. 


Text-%ure 16. 



Th(' tongae of Presbytea cephala-pterua. 


A. Dorsum ; B. luferior surfiice j C. Lattral oi*g««8 ; I), mid E. Plan and elcvattion 
of the posterior papilla (a. anterior part ; d. main part). Other letters 

in the text. 

The Fungiform PtyptUm. 

The fungiform papili® form a dorsal bounding zone on which 
they have the usual arrangement in clusters and rows, but they 
have not got the usual distribution according to size. The 
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posterior rows are close together. All fire hemispherical, and 
their surfaces are smooth or granular. 

The Conical Padillas, 

The arrangement, distribution according to size, and course of 
their points follow the usual type, and the iuterpapillary dorsum 
appears as narrow lines. 

The Lateral Organs (text-fig# 16 0). 

The prominent lateral organs extend over the lateral bordei’s 
from the dorsum to the inferior surface. The primary sulci are 
deep, and the laminae, which possess secondary sulci, appear as 
small rods. Each organ is concave towainls the lateral vallate 
papilla of its own side, for the laminae run in different directions. 
The lateral vallate pipillm (l.v.p.) are level with the posterior 
laminae. The anterior laminm run upwards and backwards, the 
middle laminae are vertical, and the posterior laminae run upwards 
and forwards. The limits of the organs are shown in text- 
figs. 16 A, /and B,/ Bach organ is 1 cm. long. The right one 
hfis 13 laminsB and 14 sulci, and the left one has 13 laminte and 
14 sulci. At the anterior end a small fold of mucosa is seen. 

The Frenal LamuUa (text-fig. 16 B, g). 

The triangular lamella has a bifid apex. Its crenated edges 
run postero-laterally as far as the middle of the lateral organs. 

The median ventral sulcus is shallow and wide, the frermm is of 
modei’ate length, and the ventral papillary zom is narrow. 

Glajids and Lymphoid Tissue (text-fig. 1 6 A, ^), 

The whole of the dorsum, behind and at the sides of the 
vallate triangle, is covered with white circular or oval areas 
containing round or slit-like orifices. These glands increase in 
size from before backwards, and their secretions keep the tongue 
viscid. They are more developed than in the Oercopitheques, 
Macaques, Mangabeys and Bal»oons. The viscidity of the tongue 
remains for a long period, even in preserved specimens. 

These large lingual glands are accompanied by an enormous 
development of the salivary glands (text-fig. 16 ^). 

The lingual and salivary glands of the Langurs form a larger 
glandular apparatus than in all other Primates. In the ciise of 
the lingual glands ocular inspection and microscopic examination 
must both be employed to estimate their area. 

The Physiology of the Lingual Gkvnds and Stomach, 

To undei*stand the significfince of the great development of the 
lingual and salivaiy glands, one must take into account the 
nature of the diet, the presence or absence of cheek-pouches, the 
degree of complication of the stomach, and the size of the eseeum. 

The Langurs have no cheek-pouches, large lingual and salivary 
glands, a complex stomach, and a caecum of moderate length. 
They eat leaves almost entirely. 
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Owen (13) considers that the first part of the stomach replaces 
the cheefc-pouches. I believe his opinion to be correct and 
would add that the leaves, mixed with the copious secretions of 
the lingual and salivary glands, lie in the first part of the stomach 
till insalivation is completed* 

The ANTHnoPOiD Apes have no cheek-pouches, a very high 
development of the basal lingual glands, and a simple stomach. 
They eat fruits and shoots which are more^ succulent than the 
food of the Langurs, and a complex digestive apparatus is not 
so necessary* 

The Oercopithequbs, Macaques, Baboons anil Mangabeys 
have cheek-pouches, a moderate degree of development of lingual 
and salivary glands, and a simple stomach. They live on a 
succulent diet and store food in their cheek-^pouches. A little 
food can be removed from time to time, insalivated thoroughly 
and swallowed. 1 would suggest that cheek-pouches are, conse- 
quently, part of the digestive apparatus, and not only store- 
houses. 

In the Ungulata the process of rumination obviates the 
necessity for largely-developed lingual glands. 

The Thrkb-toed Sloth {Bradypua tridaetylus) resembles the 
Langurs in the nature of its diet, but the physiology of 
the tongue and stomaeli is difiei'ent. The tongue is mainly 
mechanical in function, for its gustatory and secretory organs are 
small. Prehension is its strongest mechanical action. As the 
stomach contains many hard, almost entire leaves, mastication 
and insalivation cannot be very complete. Moreover, there are 
no cheek-pouches to prolong the stay of the food in the buccal 
area. Consequently, the stomach must soften the leaves for it 
gets little assistance from tlie tongue and salivary glands. It 
also cannot share the proc?e.^s of digestion with the caecum. The 
ruminating gutter running through the stomach takes on the 
regurgitant function of the oasophagus of the liuminantia. 

In the Koala {Phaseolarctoa cinerem) there ai-e large cheek- 
pouches, the lingual glands ai-e well-marked, and the salivary 
glands, especially the parotids, are large. The stomach is simple 
and the ccecum enormous. The leaves remain long in the buccal 
area, in virtue of the cheek-pouches, and can be thoroughly 
moistened and softened. They then pass to the stomach, but the 
effect of the peculiar gastric gland has not been worked out. 
The stomach, however, does not play such an imj)ortont part as 
in the Langurs and Sloths, for much of its work is taken away 
by the enormous ciecum. 

These remarks indicate that the cheek-pouches are not entirely 
storehouses, and show how the functions of the different parts are 
interdependent. They also demonstrate how a diet of leaves 
requires a complex stomach and small ctecum, or a simple stomach 
and a large complex ca^um, for its digestion. 
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Tm Entsllus Lanqur (P. entelhn). 

Habitat : • India. 

The tongue differs from that of P. cephalopierus in the following 
respects: — 1. It is thicker. 2. The vallate papillse are smaller 
and the postenor vallum is more nodulated. 3. The fungiform 
papillie are more numerous. 4. The conical papillte op the base 
are larger. In other respects the tongues are siinilar. 

In the Capped Langur (P. pilmtus) the frenaMamella is a 
broad bilobed plate. 

In the Madras Ltingur (P. primmip) the frenal lamella is 
triangular and bifid, and the apical vallate papilla is small. 

Genus Colobus. 

Flower (6) has briefly described the tongue of the White- 
thighed Guerezji (6\ rtellerosua) as follows: — 

“The tongue is long and narrow, with three large circum- 
vallate papilla) forming the corners of a triangle, wdth the apex 
directed backwards ; close behind each of the large anterior ones 
is a smaller one of the same form. At the lower paili of the 
frenum is a short, thick, fleshy salivary papilla, constricjted at the 
base, then dilating, and pointed and bifid at the extiemity.^^ 

Flower does not describe the condition of the glands on the 
base of the tongue, but points out that the salivary glands, 
especially tlie subniaxillaries, aie very large, and he gives 
measurements. As the diet and stomach closely i-esemhle those 
of the Langurs, and cheek-pouches are absent in the Gu€*rezae, 
the physiology of the tongue and stomacli is similar to those of 
the former, which I liave <lescribed on page 280. 

The tongues of tlie members of the genera ^resJ^ytes and 
Volohm, as will be shown later, differ from those of the other 
Cercopithecids) chiefly in the nature of the glands on the Imse. 

Genus Oercopithkc’tts, 

The species are here arranged in the groups described by 
Pocock (9) : — 

THE ALBIGULARIS GROUP. 

Species examined : O. preussi ; C, albtgularis, 

Pbeuss's CfiKOOPirnEQUE ((7. preimi). 

Habitat: Cameroons. 

The conical tongue has the following meamremenUt : — Total 
length 5*4 cm.; length of the oral paH 4-6 cm.; length of the 
pharyngeal part *8 cm.; width between the lingual attachments 
of the palato-glossal folds 2*5 cm. 
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The apex is rounded, and bears many oloselj-aggregated conical 
papiU^o, and a few small fungiform papilke. It has no notch. 
The lateral borders are rounded and have the lateral organs at 
their posterior extremities. The structures mentioned in the 
introduction are absent. 

The CirmmvaUaie PapiUm (text*figs. 17 A & C). 

Three papillae form an equilateral triangle with the apex 
behind. The two anterior papillie are smaller than the posterior 
one, the fossae are all well-marked, and the valiums appear as 
clear zones. All are prominent, especially the posterior one, and 
the surfaces are granular. 

Within the vallate triangle there are many large conical 
papillm, and a fungiform papilla bisects the base. 

Several long sulci and laminss of the lateral organs converge 
towards the lateral vallate papilla and end on the outer borders of 
the valiums. In no other species of GercopUhecue is this condition 
present. 

The Fungiform PapilUe. 

On the dorsal bounding fungiform zone the papilla have the 
usual arrangement, as «uso on the sides and inferior surface. 
They are hemispherical or bossed, and the surfaces are smooth or 
granular. There is no distribiition pattern according to size, and 
the posterior rows are close together. One of them bisects the 
base of the vallate triangle. 

The Conical PapUlm* 

The papillie have the usual arrangement in clusters and rows 
of diflferent degrees of obliquity. 

Appearance, — ^The papillae of the oral part are dark grey in 
colour. All of them appear, to the naked eye, like small nodules. 
Under a pocket lens they appear surrounded by zones of inter- 
papillary dorsum (text-fig. 17 D), and have bodies of difterent 
shapes, with or without processes. 

Glaiide and Lymphoid Kodvlee, 

Small nodules are present on the base, but no duct orifices are 
visible. 

The LiUeral Organs (text-fig. 17 C). 

The lateral organs begin anteriorly as a number of small ill- 
defined fissures and laminm (text-fig. 170, a). These are followed 
by a aeries of long tapering laminie and sulci (text-fig. 17 0, 5) 
converging towards, and miding on, the valiums of the latei*al 
vallate papillsB, and they are also convex forwards. Th^ are 
succeeded by a number of laminm separated by sulci which are 
all parallel to one another (text-fig. 17 C, c). Most of the 
laminis are traversed by secondary sulci. The measurements, etc., 
are shown as follows The right organ is 1*4 cm, long, and has 
Paoo. ZooL, Soc.— 1921 , No. XX. 20 
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11 lammae and 12 sulci. The leffc organ is 1*4 cm,, long, an4 has 
9 laminae and 10 sulci. 

The tteniral pmfiXlary zom (text- fig. 17 B, c?) isr wide anteriorly 
and narrow posteriorly, and its papillas have the usual arrange-* 
ment. 


Text-figure 17. 



c. 

The tongue of Cereopithecus pretusi. 


The Frenal Lamella (text-fig, 17 33, e). 

The triangular frenal lamella has a bifid aj)ex, end a plain 
npj>er surface. Its edges, which extend postero-laterally as far 
back as the level of the middle of the lateral organs, are fused 
posteriorly with the under surface of the tongue. They^ have 
pointed processes anteriorly and tubercles posteriory. In no other 
species of Cen^tpUheciia did I find such long, sharp processes. 

The median ventrai mdcue is narrow and deep anteriorly, but 
widens out posteriorly. It lodges a crest derived from the 
frenum (text-fig. 17 B,/). 

In the fresh tongue the vessels on the base were seen, and they 
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resembled the cpnditioH -which I have akeady described and 
figured for Mamem (10). 

The outstanding features are, therefore, the great length of 
some of the lamin» of the lateral organs, and the sharp processes 
on the frenal lamella. 

Sykes's Cercopitheque {C, Migvlaria) has an entire, oval, un- 
divided lamella (text-fig. 20 B). Owen (16) described a vallate 
triangle. 


THE MONA GROUP. 

Species examined : 1 . (7. hurnetti (two examples). 

2. C. mona ( two examples). 

I did not observe any pigmented forms in this group. 

Burnett’s Cercopitheque (6\ hurmtti). 

Habitat: West Africa. 

When the tongues were examined fresh they did not exhibit 
the vessels running between the base and the vallate papillae. 

MeasiirenientH . — Total length 3’2 cm. ; length of the oral part 
2*5 cm. ; length of the pharyngeal part *7 cm. ; wudth between the 
lingual attachments of the palato-glossal folds 1*5 cm. 

The apex and lateral Im^ders are the same as in €» preusai^ and 
the same structures are absent. 

The CirmnmilleUe /’apiZte (text fig. 18 D). 

The vallate triangle has an acute or obtuse vertical angle. 
It lodges many conicsal and a few fungiform papillw. 

The three papillte, especially the posterior one, are prominent, 
and the latter appears fis if it had been pushed through the 
vallum, thereby stretching it. All are granulai*, the fossje are 
well-marked, and the valiums look like clear r^ones. 

The Fungiform Papillas, 

The fungiform papill® are the same as in C, prenssi, but are 
more numerous at the sides. None are overlapped by conical 
papillee. 

The Conioed PapiUee, 

The arrangement ia similar to that of 0, premsi. Most of tliem 
are cylindrical, and each one is surrounded by a zone of inter- 
papillary dorsum (text-fig. 18 0). Their surfaces are granular, 
and there are few points. 

A few orifim of duets are present on the base of the tongue. 

The Laterrd Orgaeie (text-fig, 18 E, F, & G). 

The sulci are nari'ow, and tlm laminin lie on both dorsum ‘and 
lateral borders (LR) AH the sulci and laminae are convex 
forwar^, and secondary grooves traverse the !attei\ The right 
organ is *68 cm, long, and has 6 laminae and 7 sulci. The l^t 

. 20 ^ 
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organ is *7 cm. long, and has 5 laminsD and 6 sulci. None of 
them reach near the valiums of the lateral vallate papilla*. False 
folds of mucosa (a) may be present. The laminae are flat on 
plan (G). 

Text-figure 18. 



The tougue of CercopUhecuB burnetii. 

The Frevml Lamella (text-fig. 18 B). 

The triangular lamella has an entire apex, and its edges are 
devoid of tubercles and processes. 

The inferior mprface is otherwise similar to that of C, preueei. 
When the dorsum is examined by the naked eye it has a finely 
nodulated surface as in (7. preueei^ and the lens reveals how the 
interpapillaiy dofsum forms zones round the conical, papillm 
(text'fig. 18 0). 
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The Moma Oeecopithbqoe (C. mono). 

Habitat: West Africa. 

The fresh tongues did not reveal the vessels running between 
the base and tlie vallate area. 

The following mernwremenU refer to an adult specimen: — 
Total length 3*5 cm. ; length of the oral part 2*9 cm. ; length of 
the pliaryngeal part ’6 cm. ; width between the lingual attach- 
ments of the palato-glossal folds 1*9 cm. 

One of my specimens (adult) has an apical notch whence a 
median sulcus runs back for 1*05 cm., but the young specimen 
has neither. In other respects, however, the and lateral 
hordeTB have the same characters, and the lateral parts of the 
dorsum have the same clusters of fungiform papillte as in 
C\ burneUu 

Text-figure 19. 



• *7 * i * ' . 
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The tongue of Cereapitkeeui mona. 


The Cirmmvalkde PapiUm (text-fig. 19 0, D, E); 

The vallate triangle is isosceles. The three papilke, especially 
the posterior one, are prominent as in (7. humeUu One tongue 
has a finely-granular posterior vallum, but the latter is coarsely 
nodular in my other specimen (text-fig. 19 D). Within the 
vallate area there are more fungiform papillm than in C* humetti. 
The anteiior papillm are oval, but the pc^rior one is circular. 
Munch (8) described a vallate triangle. 
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The Fungiform Fa/piUm (text-fig. 19 A db F, p.p.). 

On the middle of the oral part of the dm^sum the papillce are 
small^ but those on the lateial parts are large and promineKit. 
The apieal cluster contains many large ones. They are hemi- 
spherical or umbilicated, and none are overlapped by conical 
papilla. 

Text-figure 20, 



C ialandu Cpatas, 


The frenal lamella) of the Cercopitheqiies. 

The Conical Papillce. 

The conical papillce have the usual arrangement, but the 
posterior rows of the oral part of the dorsum are less oblique 
than in moat species of CercopUheom. They are surrounded by 
zones of ihterpapiUary doi'sum (t6xt>%. 19 S), They also have 
the usual distribution according to size^ and the points run in 
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tlie Usual diredtious, ' The papillary bodies are flat or cylindrical, 
aad the number of points per papilla varies. 

Glands and Lymphoid JVodnles (text-fig. 19 A, a). 

At the sides of the epiglottis there are prominent nodular 
masses with a few minute orifices of gland-ducts and pits. 

The Lateral Orgam (text-fig. 19 F & G). 

The lateral organs lie on the lateral borders (l.b.) and inferior 
surface. They consist of short, broad, furrowed laminae separated 
by sliort, wide sulci. The lamin® do not project (text-fig, 19 G). 
I'he right organ is 1-45 cm. long, and has 9 laminae and 10 sulci. 
The left organ is 1*3 cm. long, and has 7 laminae and 8 sulci. 

The Frencd Lamella (text-fig. 2 OA 4 &B). 

The apex is entire and reaches a point 3 mm. from the apex of 
the tongue in my adult specimen, and 2 mm. in my young one 
It is pointed or rounded. Tlie edges reach as far back as the 
middle of the lateral organs. 

THE PATAS GBOUP. 

Species examine<l : (7. palm ; C, pyrrhonotue. 

The Patas Obecopithbque ((7. patas). 

Habitat: West Africa. 

Three specimens were examined, and the following measuremenU 
r€)fer to the largest one:— Total length 4*8 cm.; length of the 
oral part 4*3 cm. : length of the pharyngeal part *5 cm, ; width 
between the lingual attachments of the jmlato-glossal folds 1’9 cm. 

In two examples the tongue is yellowish-brown in colour, V>ut 
in one it is unpigmented. The apex and lateral borders are 
similar to those of the preceding forms, except that the apex has 
a median notch as in C, tmna, Tliere is no median dorsal sulcus, 
and the structures mentioned on page 278 are absent. 

TJw Cireumvallate Papillce (text- fig. 21 A A; F to I). 

Tliree papillary patterns are present in my thi'ee examples : — 

Spechnen No, 1. — The three vallate papilla) form an isosceles 
triangle with an acute vertical angle. All are prominent, 
especially the posterior one ; they are circular on plan and conical 
on elevation, the broad ends of the cones projecting beyond the 
valiums (text-fig, 21 A, H, dt F). All have granulai* surfaces. 

The vallate area contains several prominent fungiform papilla?, 
and is roughened by conical papillie. 

Specimen No, 2. — Four vallate papillae form a V, On the left 
limb, including tlie posterior pa|dlla, tliere are three, but the right 
limb has only two (text-fig, 21 I). The mid left papilla is small. 

Speeimm No, S- — Six papiUiB ai« aiTanged in the form of a V , 
each limb of which has three elements. The' most anterior 
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papilla of limb is large, and tbe middle one' is small. The 
left posterior papilla is large, and the right one is small, but 
both stand on the summit of a common elevation (text-fig. 21 G). 
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The Fungiform Fapillm. 

The fungiform papillae stretch right across the dorsum, but 
have the usual arrangement in clusters and rows. 

All of them have granular surfaces and are hemispherical, 
bossed or collared. Those which are included within the vallate 
area may be mistaken for vallate papillas, but a careful examina- 
tion reveals the absence of fossse and valiums. 

There is a variable amount of overlapping or concealment by 
long conical papillae (text-fig. 21 M, i), especially in the case of 
the fungiform papillae within the vallate triangle where the 
conical papillae form prominent processes. 

The Conical Papillce (text-fig. 21 L A M). 

The conical papillae have the usual arrangement in clusters and 
rows, and their disposition according to size takes the usual form. 
Their points, however, face in all directions. 

Most of them are filiform and make the dorsum shaggy, but 
not to such an extent as in (7. cethiops. The points form lows, 
and between them one can see strips of interpapillary dorsum 
(text-fig. 21 D <k E). The number of points to each papilla 
varies greatly from one to a brushwork. 

The Lateral Organe (text-fig. 21 J, a, 6, c, k K). 

The appearance presented by the lateral organs dijffers greatly 
from those of (7, premei and 0, humettL The sulci are wide, so 
the laminae, which are small and rounded, appear like a row of 
small oval bodies. Each lamina is traversed from without 
inwards by a broad, shallow, secondary sulcus, and a row of 
conical papillm runs backwards and inwards across the dorsum 
from the inner end of each ridge. The measurements, etc., are 
given as follows: — 


Organ, Length, Lamince, Sulci. 

Eight 1-25 cm. 10 11 

Left 1*5 „ 9 10 


The organs may appear as stmight rows or curved lines (text- 
fig. 21J, 5 & o). 

The Frenal Lamella (text-fig. 21 B & 0 ; 20 Q), 

The apex is bifid, and the halves taper from a broad base. The 
plain edges run postero-Iaterally to the level of the middle of the 
lateral organs. The points are rounded or shai*p, and may or may 
not be equal in size. 

Plieoe FimbriaUB (text-fig, 21 B & C a). 

Plicss are absent in all my adult specimens, but are prei&ent in 
the young one, so they may disappear ae age advances. They begin 
anteriorly at the level of the apex of the free part of the frenal 
lamella, and run postero-Iaterally for 1*8 cm. The mucosa 
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between them is more smooth and polished than that ctf the rest 
of the inferior snrfaoe of the tongae. 

The median venircd mlcw contains a mediaii crest, which, 
howaFer, is narrow. 

The Kisnas Oeecopithbque {G. p^rhmotus). 

Habitat : Sudan. 

Mr. Pocock’s sketch shows an oval lamella with two apical points 
(text-fig. 20 G), It is very similar to that of (7, paiaa. 

THE JETHIOPS GROUP. 

Species examined : O, ofthiops ; 0, eahama ; C, tantcdus ; 

C. rttfoviridis. 

The only pigmented specimen observed is my young one of 
C, iantalua. 

The Abyssinian Cbbcopithbque (C. mthiopa). 

Habitat: Sudan. 

Measurements. — Total length 4*3 cm.; length of the oral part 
3*5 cm, ; length of the pharyngeal part *8 cm. ; greatest width 
1*8 cm. These figures refer to the largest of five examples. 

The apex has no mesial notch, no dorsal sulcus is present, 
and the structures mantioned on page 278 are absent. The whole 
dorsum is very rough. 

The CircumvaUate PapiUce, 

Three small plane or umbilicated papillsc ai^e arranged in the 
form of an isosceles triangle with an acute vertical angle. They 
are surrounded by prominent conical papillie which may conceal 
the fossae and valiums, or be a little distance from them. The 
two-pair type of vallate papillss is rare (1 in 5). 

The Fungiform PapiUce. 

Theee stretch right across the dorsum and have the usual 
arrangement, but many are concealed by the long conicfil papillae 
(text-fig. 22 C). All are hemispherical, smooth and polished, and 
some have a small central pit. 

The Conical PapiUce. 

The arrangement cannot be made out easily as their long and 
numerous points conceal the papillary l)odies and iuterpapillary 
dorsum. Their distribution according to sise is typical, however. 
All are filiform and have one or more points. 

Lymphoid Nodules. 

There are many large nodules, and several large duct orifices 
are visible in some epedmans. 
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The Lateral Organa^ 

The BuJci are wide, hot not to such an extent as in C.patas^ so 
the lateral organa appear to be composed of a row of small bodies 
each of which is furrowed* These ai^e not, however, so prominent 
as in C. pat<M» 

The mectaurementay etc., are given as follows : — 


Organ^ Length. KUlgea. Sulci. 

Right 1*5 cm. 9 10 

Left 1*2 „ 8 9 


Text-figure 22. 



The tongue of Cercopitheeu* athiopt. 


The Frenal Lamella (text-fig, 22 B). 

The triangular frenal lamella has an ei»tire apex, and smooth 
plain edges which are free throughout tbeir entire length. 

The Median Ventral Sulcus, 

The sulcus is short and opens into a wide triangular space. It 
lodges a small median crest. 

The Green Cercopithbque {C. sahceua). 

Habitat : SieiTa Leone. 

Several authm^ have described the patterns exhibited by the 
vallate papilla. Mayer (7) described four pairs of papilla, and 
Miinch ( 8 ) recorded the two-pair form ; he also mentions cases in 
w^hieh t^re were three papillie with an additional small papilla 
on each limb of the V. In six oases I observed the two-pair 
type. 

- Meaauremenia of my largest specimen Total length 4^9 cm, ; 
length of the oral part 8*9 cm.; length of the pharyngeal part 
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*1 cm. ; width between the lingual attachments of the palato- 
glossal folds 2 cm. 

The (vp€x has a mesial notch, and it and the borders are 

covered with fungiform papill® which are more numerous and 
prominent than in the species alread)^ described. The structures 
mentioned on page 278 are absent. 

The Circummllute Papilt'Ce (text-fig# 23 E & F). 

Four vallate papillSB are arranged in two pairs — anterior and 
posterior. The former correspond to the lateral papill» of the 
triangular type, and the latter occupy the position of the posterior 
papilla. The posterior papill® are close together (text-fig. 23 E). 


Text -figure 23. 



The tongae of Cereopith0cu9 §abeBu». 


The anterior papillae are surrounded by clear, smooth valiums. 
The posterior valiums are similar to the anterior ones, or are very 
prominent and crowded with conical papilhe (text-fig. 23 F). 

The vallate area contains many conical and a few fungiform 
papillae. The fonner vary gimtly in size, and they were very 
large in a young specimen which I examined. 

'Rie papillae vary greatly in their degree of projection (text^ 
fig. 23 E). 
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The Funcjiform Fapill^ce (text-fig. 23 G). 

Fungiform papillte are absent from the centre of the dorsum, 
and do not form a cluster in front of the vallate papillae. In this 
respect the tongue resembles those of O, preuisi, (7. hurnettiy and 
(7, monay and differs from that of (7. c&thiops. They form, there- 
fore, a papillary zone on which they have the usual arrangement. 
Some are smooth and glistening, others are granular, and all are 
hemispherical or cylindrical in shape. 

The Conical Papillm (text-fig. 23 H). 

Conical papillm make the entire dorsum rough, hut not to such 
a degree as in 0, patae and C» celhiope. They have the usual 
aiTangement in clusters and rows, and the direction in which 
their points run is typical. Between the rows there are strips of 
interpapillary dorsum. 

None of them overlap the fungiform or vallate papillss. 

When they are examined through a lens it is seen how the 
papillse vary greatly in shape and appear flattened out. The 
surface may be plane or excavated (text-fig. 23 H), and one or 
more processes ai’e present. 

The Lateral Organa (text-fig. 23 D). 

The lateral organs consist of a series of short laminae and sulci 
convex forwards. Each ridge is bisected by a longitudinal 
sulcus. The measurements, laminaa, and sulci are shown as 
follows : — ^ 

Organ, Length. Ijamince, Svlci, 

ilight 1-6 cm. 8 9 

Left 1 *5 „ 5 6 

The ridges decrease in size from before backwards, and the 
lateral vallate papillm are level with the posterior lamime. 

Lymphoid Kod^dea and Olanda (text-fig. 23 A, a). 

Prominent lymphoid nodules are present on the base of the 
tongue, and a number of orifices are visible. 

The Frenal LameUa (text-figs, 23 B a & C rf). 

The frenal lamella is triangular and entire or bifid, being divided 
in the latter (text-fig. 23 B,a) into large left and small right 
^NU'ts. The edges are devoid of processes and tubercles and 
extend almost to the posterior fissures and laminae of the lateral 
organs. 

The Frenum* 

The frenum occupies the whole of the median venti^-al sulcus 
as a ridge, and the part stretching from the sulcus to the uj^per 
surface of the fi’enal lamella is very short, as in all Oercopithecidse. 

Pliece are absent, even in the young specimen. The 

animal was older, however, than my young C. pataa in which 
plicse are present. 
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Tins Tantalos Obsecjofithequb ((?. 

Habitfit: Nigeria. 

MeammnmtB , — Total length 4’6 cm. ; length of the oral part 
4 cm. ; length of the pharjngeal part *6 cm. ; width between the 
lingual attachments of thepalato-glossai folds 2 cm. 

The apBx and latm'al borers are the same as in (7. 8ab€m$, and 
there is no median dorsal sulcus. 

We CircumvaUate PapiUcB. 

Four vallate papillse are arranged in the two<pair type, but the 
elements of the posterior pair are more widely separated than in 
C. aabasm* The left papillae are oval and all the others are 
circular on plan. In some specimens both posterior papillae ai*e 
circular (text-fig. 24 K). 

The valiums of the anterior pair are clear zones, or have the 
appearance of nodulated and gi’anular bands (text-fig. 24 0), and 
those of the posterior papilhn are i*aiaed, as in C, eahcem (text- 
fig. 24 D), but are not so thickly crowded with conical papillae. 
All the papilla) project beyond the valiums, and they are conical 
on elevation, with the broad ends free (text-fig. 24 L). 

The Fungiform Papilke (text-fig. 24 £). 

The fungiform papillse are placed on a zone round the anterior 
two-thirds of the dorsum, and they are arranged thereon in the 
typical manner. On the lateral borders they form a row of 
prominent bodies, ^they have, therefore, the same appearances 
as in (7. saheem. 

They are hemispherical, cylindrical or lobulated, and their 
surfaces are smooth or granular. 

The Conical PapiUat (text-fig. 24 F & G). 

The conical papill® have the usual arrangement, the common 
distribution according to size, and the typical mode of direction 
of the points. Through the lens they appear very similar to those 
of (7. sahmuSy but the additional forms are shown in text- fig. 
24F<kG. Between the difierent rows the strips of inter- 
papillary dorsum are visible. 

Ijymphoid FoUicles, 

Several lymphoid follicles and duct orifices can be seen on the 
base of the tongue. 

The Lateral Chgans (text-fig. 24 H). 

The lateral organs resemble those of C, prmaei. They consist 
of a series of laminm and sulci running from behind forwards 
and inwaids, and each of the former is traversed by a secondary 
sulcus. The whole organ diminishes in size from before back- 
wards. Behind them are folds of the mucosa. The laminaa do 
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not touch the lateral vallate papillie as in (7. preuaai^ but are 
sepaiated from them by a papillaiy xone. 

The measurements^ ridges and kminie are shown as follows : — 
The right organ is 1 cm. long, and has 5 lamin83 and 9 sulci. 
The left organ is 1*2 cm. long, and has 8 laminae and 6 sulci. 
In a second specimen there are 9 laminas and 10 sulci in each 
organ. 

Text-figure 24. 



TJie tonjinic of CkrcopUkacui tantalus. 

The ffreml LaimUa^ 

The triangular frenal lamella has a bifid apex and donated 
edges ranning backwards as far as the lateral organs* 

Ko pliciK fimhriatai are {present.. 
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The Mozambique Cercopithequb {C, rttfoviridis). 

Habitat ; Mozambique. 

The tongue, which is widest between the anterior limits of the 
lateral organs, has the following 7ne€t8urement8 : — Total length 
4*6 cm.; length of the oral part 3*8 cm.; length of the pharyngeal 
part *8 cm, ; greatest width 1*8 cm. These figures refer to the 
larger of two specimens. 

The apex and lateral borders are similar to those of C* sahmtLS 
and (7. tantalus. 

The Circu7nvallate Fapillce, 

There are two pairs of vallate papillae— anterior and posterior — 
and the posterior elements are close together. All ai’e circular, 
prominent and granular, the fossae are well-marked, but the 
valiums are not easily distinguishable from the surrounding 
dorsum. In my second s})ecimen small papillsa lie between the 
four large ones of the double pair. 

The Fungiform PapUloi, 

Fungiform papilltc are absent from the centre of the dorsum, so 
they form a papillary l)ounding zone. The apical cluster is large, 
and the oblique posterior rows are close together. The former 
set contains large papillae. On the inferior surface the apical 
papillae form a prominent cluster, but there is a single row of 
papillae posteriorly. 

All are hemispherical, smooth and polished, and none are over- 
lapped by conical papillae. 

The Conical Papillce, 

The papillae have the typical arrangement in rows and clusters. 
Most of them have cylindrical bodies surrounded by a zone of 
interpapillary dorsum, and they give the tongue a sago-grain 
appearance. 

The LaJteral Orgmis, 

Deep sulci separate short, flat lamina?. The right organ is 
1 cm. long, and has 7 lamime and 8 sulci. The left organ is 
1*2 cm. long, and has 5 laminaQ and 6 sulci. 

A few orifices of gland ducts and pits are present on the base of 
the tongue. 

The Frenal Lamella, 

The triangular lamella has a bifid apex, and its smooth edges 
extend back to the anterior limits of the lateral organs. 

The medimi ventral svlcm is shallo\^' and triangular. 

The Vervet Oercopitheque (C. pygerythrus or hUa^idii) has a 
long, narrow, bifid lamella (text-fig. 20 F). 



Of TWR Tomvm or mE icahmalu. 

TBB BIAHA ChBOUP. 

n^ckemiftii (11) bas described the tongue of (7. and 

pointed out tWt it bas a vallate triangle. He states that it has 
no frenal lamella, but does not explain whether the tongue was 
carefully removed* The lamella is easily cut away unless great 
care is tfihen in removing the tongue* 

THE PETAXTRISTA GROUP. 

Miinch (8) has pointed out tliat the tongue of C, peta^irista has a 
^angular vallate area. 

Mr. Pocock's sketch of the tongue of Schmidt’s Oercopitheque 
(C, 9okmidU) has a conicah or oval; undivided frenal lamella 
(text-hg* 20 B). 

SrnmMi/ry of the Tongues of the Species of Cercopithecus. 

1. The tongues are conical or spatulate. 

2. Apical notches and median dorsal sulci are vamble. 

3. The foramen osBcum, lytta, and Apical Gland of Blandin 

are absent. 

4. Plicm hmbrmhn are absent in the adult, but may be present 

in the young animal, as Deniker described in the Gorilla 
and Gibbons. 

5. The lateral organs appear as flat laminse and sulci, or as 

rows of oval bodies. 

6. The vallate papillie form a V, T, triangle or double>pair 

arrangement, and it must be stated that the type described 
in each species is the commonest in a large series of 
examples which were examined by me or recorded by 
othei'S* 

7. The frenal lamella has an entire or bifid apex. 

8. Fungiform papillae form a dorsal bounding zone or stretch 

across the whole dorsum. 

9. It is not possible to group the Cercopitheques by the nature 

of the tongues as one can by their external characters, 
and I have arranged them in their zoological series to 
show this. Most of the species in the ^thiops Group 
have a double-pair of vallate papillae, but others have the 
triangular type, and that is as far as one can go. 

10. Some examples of (7. patens and €, tantalus are pigmented. 

Genus Maoacus. 

The Bh^us Macaque (AT. rhesus). 

Habitat: India* 

Tuokerman (11) Iwm briefly described the tongue, and most of 
his account detUs with the gustatory papillie. He has described 
Pboo, Zoon. Soc*— 1921 , No* XXI. 21 
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a vallate triangle, but I only observed that form once in fifty-eight 
oases. I give the following meamreimnU as those of my largest 
specimen ; — Total length 5*4 cm. ; length of the oral part 4*7 cm. ; 
length of the pharyngeal part *7 cm. ; width between the anterior 
limits of the lateral organs 2*3 cm. 

The rounded wpex and the lateral borde9*8 are the same as in 
0. preuaai^ and the structures mentioned on page 278 are also 
absent. 

Tha Gircumvallate PapillcB. 

In fifty-eight examples I observed three papillary patterns 
which are described as follows : — 

Specinie}% No, 1 (type present in fifty-six examples) : — There 
are two pairs of vallate papilla*, and the membersof the posterior 
pair lie close together, but their relative positions differ (text-fig. 
25 C, D, 6). The fossaft are well-marked, and those of the 
anterior pair have receases at their anterior and posterior polos 
(text-fig. 25 J). TRe fossae of the posterior pair have no such 
recesses. All the valiums are prominent and gi'anular. 

Von'Ebner has published an illustration of the histology of 
the posterior papillae (14). 

Within the vallate area there are Iwth conical and fungiform 
papillae. 

Specinwn No, 2 (type observed only in one ca.se) : — Three 
vallate papillae form an isosceles triangk*, the posterior papilla of 
which is oval. The sides are filled in by ridges of the mucowi. 
Within the vallate triangle there is a triangle of fungiform 
papillae (text-fig. 25 E), 

Spedmm No, 3 (occuiring once) Five papillae form a V with 
the apex behind. The three terminating papillte are large and 
prominent, and the middle papillae of the limbs are small, hut 
prominent. All the fossae and valiums are well-marked, and the 
vallate area contains V-shajied rows of fungiform papillae 
(text-fig. 25 P). 

The Fangiform Papilla} (text-fig. 31 A). 

The entire oml j)art of the dorsum is covered by fungiform 
papillae, but these have the usual amingement in clustei-s and 
rows. Occasionally, liowever, they may be absent from the centre 
of the dorsum. They are small, but prominent, on the lateral 
borders, and form a well-marked cluster behind the apex on the 
inferior surface, 

Tuokerman (11) has shown that the apical papillae have well- 
developed taste-buds. 

The Conical PapiUce (text-fig. 31 B). 

The conical papillae have the usual arrangement, but the close 
aggregation and mutual compression of the elements somewhat 
obscure the pattern. They have one or more points which are 
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The Oommok Macaque {M./aseicutarie), 

Habitat : Malay States. 

Tuckermaii (11) has bn6% described the toogue, and the 
following details supplement his accounts MeasuremmiU i — 
Total length 4*6 cm. ; length of the oral part 3*9 cm. ; length of 
the pharyngeal part •? cm,; width between the anterior 
extremities of the lateral organs 1*9 cm. These measurements 
i*efer to the largest of twelve examples. 

The apex and lateral borders are the same as in if. rheiU8f and 
the usual structures are absent. 

The variations in the vallate papillee are not so numerous os in 
if. rliesue, but the fungiform and conical papillie are very similar. 
The former are absent from the centre of the oral part of the 
dorsum in most cases, whereas that is the occasional form in 
if. rhesits. 

Text-figure 26. 

o o 

j2Si. /2S>v 

B. ' c. 

A. 

The circumvallatc papillae of MacaenefaseienUirii. 

The Circumvaliate Fapxllm (text-fig. 26), 

Two types can appear: — 1. There are two pairs of papillae 
whose appearances, and their variations, resemble those of 
if. rhesus. 2. There is an anterior pair of papillae, and a 
posterior cluster of three which stand either on a plane surface 
or on the summit of an elevation. The valiums consist of one or 
more rows of nodule.^:, and may contain fungiform papillae. 

A few minute orifices of ducts and pits are present on the base 
of the tongue. 

The Lateral Organs. 

The short laminae and sulci are arranged in a straight line or 
in a curve convex downwards. Many of the laminae have small 
secondary sulci. The right organ is *9 cm. long, and has 
6 laminae and 7 sulci. The left organ is *9 cm. long, and 1ms 
5 laminae and 6 sulci. 

The frenal lameUa is triangular and has a bifid apex. 

The Bonnet Macaque (Af. sinims). 

Habitat : Continental India. 

Tongues of Bonnet Macaques differ in size and shape. They 
may taper from the palato-glossal folds towards both apex and 
base, or their widest point may be between the anterior 
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^tremities of tho lateral organs. My largest specimen belongs 
to the latter cUisa and has the following meamrement $ : — Total 
length 6*6 cm. ; length of the oral part 5*4 cm. ; length of the 
pharyngeal part 1*2 cm. ; greatest width 2*4 cm. 

The cbpex is rounded, has no mesial notch, and bears conical 
and fungiform papillis, but the latter are neither numerous nor 
prominent. The fungiform papillae on the lateral borders and 
inferior surface are also insignificant and few in number. 

The following structures are absent mesial dorsal sulcus, 
dorsal ridges, foramen csdcumi lytta, and Apical Gland of Blandin 
or Nuhn. 

the Circumvcdlate Pa>piUce. 

The vallate papilla? are arranged in the form of the letter Y or 
y, and 1 subjoin detailed descriptions of the vallate areas of 
three specimens. 

Text-figure. 27. 
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The valUte papilhe and lateral organs of Maeacus sinieui. 

Specimen No^ 1 The vallate papillae fonn a Y, with the angle 
posterior. Each limb has two papillae, so, including the posterior 
papilla, there are five altogether. Each papilla is circular and 
prominent, its fossa is well-mai'ked, and its vallum appears as a 
clear zone. On examination through a lens the papillae and 
valiums appear granular. The middle papilla of the right limb 
is displaced mesially, and there is a fungiform papilla between the 
two mesial papilhe, so a false appearance of a Y is produced 
(text-fig. 27 A). 

Spemaen 2 : — The papillae also form a V, but the limbs 
M&et greatijr. Those of tai© 1^ limb are close toother, but the 
meslil pafdlia «df tim itmb lies ckee to tlie posterior 
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papilla (text-fig, 27 B). All but the posterior papilla are 
circulai' ; the foss® are plain and the valiums appear as clear 
zones. The posterior papilla is compound, and consists of two 
elements included within the same fossa. The right element is 
reniform, and the left one is oval. These two elements may 
represent a process of fusion of two elements of a posterior pair. 
If that be the case we may consider a single vallate papilla as the 
ultimate stage. 

Specirmn ilTo. 3 ; — Six papillse form the letter T. The hori- 
zontal limb consists of five elements, and the vertical limb 
consists of the middle horizontal papilla and one posterior papilla 
(text-fig, 27 C). All are circular, prominent, and granular. 

Fungiform Papillae (text-fig. 31 A). 

Although fungiform papilla) are scanty in the centre of the 
dorsum, they cover the entire oral part. They do not form, 
therefore, a wide dorsal papillaiy zone, and they have the usual 
arrangement in clusters and rows. 

They ai-e hemispherical or globular, and their edges may be 
overlapped by conical papillse. 

On the inferior surface they are clustered round the apex, but 
farther back they form a single chain. 

The Conical Papillae (text-fig. 31 B). 

The conical papilla) have the usual armngement in rows and 
clustei's, and the usual distribution accoi'ding to size. Those 
lying between the posterior vallate papillae are large tind 
well-marked. 

They belong to the cylindrical and filiform senes and have one 
or more points. 

Lymphoid Tissue and Glands. 

The glands and nodules on the base are well-marked, and 
several small orifices are present in front of the epiglottis. 

The Lateral Organa. 

The descriptions given below of the latei‘al organs of three 
examples correspond respectively to the three specimens whose 
vallate papilla have already been described. 

Specimen No. 1 (text-fig. 27 D) A series of short lamina 
commence on the sides of the tongue, ta|)er on the dorsum and run 
towards the lateral vallate papilla, and are separated in the latter 
situation by wide shallow sulci. Many of the lamina, which are 
convex forwards, are travel eed by secondary sulci, ^me of the 
outer borders are rounded, but others merge into the under 
surface of the tongue. The right organ is -9 cm, long, and has 
13 lamina and 14 sulci. The left organ is 1 cm. long, and has 
12 lamina and 13 sulci. At either end there are small folds of 
mucosa. 

Specimen No. 2 (text-fig. 27 E):— The shoil}, rounded, fumwed 
lamina are separated by wide primary sulci. The right organ is 
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1*4 cm. longf and has 10 lamina and 11 sulci* The left organ is 
1*3 cm. long, and has 9 lamina and 10 sulci. 

Specimen No. 3 (text-fig* 27 F) ; — The lamina and sulci are 
short and convex forwards, and the latter look like series of 
sliort incisions into the lateral Imrders of the tongue. The right 
organ is *8 cm. long, and has 12 laminm and 13 sulci. The left 
organ is *7 cm. long, and has 11 laminsD and 12 sulci. 

The Frenal Lamella. 

The frenal lamella is triangular. The apex expands and is 
either rounded and entire, or pointed and bifid. The edges 
^ extend postero-laterally almost to the posterior ends of the lateral 
organs. 

The Toque Macaque {M. pileaiue). 

Habitat. Ceylon. 

The spatulate tongue has the following measuremmta : — Total 
length 4*7 cm. ; length of the oral part 3*9 cm. ; length of the 
pharyngeal part *8 cm. ; width between the lingual attachments 
of the palate-glossal folds 1*7 cm. 

The apex and lateral borders are the same as in M. rhesus^ and 
the same structures are absent* 

Text-figm*e 28. 
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The vallate jMipillao and lateral organs of Macacn$ piUatut. 

The OircumvaUaie PapiUce (text-fig. 28 A). 

The isosceles vallate triangle has an obtuse vertical angle ; the 
two anterior papillce are small, but the posterior one is large and 
oml. The fossie are well-marked, and the valiums are clear, 
prominent sones. Within the vallate triangle there are both 
conical and fungiform papil]a3. 

Tlie ooniced and fungiform papiUce have the usual arrangement, 
but the latter are large anteriorly and small posterioily. Large 
clusters of fungiform papillas ai*6 present behind the apex and in 
front of the lateral organs on the inferior surface. 

Few orijioee of gland ducts are present on the base of the 
tongue. 

Tho frenal lamteUa has a bifid apex and plain sides. 

The Lateral Organs (text-fig. 28 6 & C). 

The lamina and sulci are all short, and are either straight or 
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bent with the Anglee directed forwards. The right organ k 
1 cm. long, and has 8 lamiuie and 9 sulci. The left organ is 
1*1 cm. long, and has 9 laminsB and 10 sulci. At the anterior 
extremities are fungiform papillse (a) and false folds (5), the ti*ue 
laminse and sulci ming shown at c. The organs are flat on 
elevation (0)* 

The Pig-tailed Macaque (AT. iiemeetrinm). 

Habitat ; East Indies and Malay States. 

MeeamremenU . — Total length 8*4 cm,; length of the oral part 
7*8 cm. ; length of the pharyngeal part 1*1 cm. ; width between 
the lingual attachments of the palato-glossal folds 2*7 cm. 

The apeof and lateral borders are the same as in d/. rheam^ and 
the same structures are absent. 

Text-figure 29. 



A. 


Tlio vallate papillss (A) and laioral organs (B) of Maeaeut nsmattriuus. 

The Circumvallate PapiUoe (text-fig. 29 A). 

Seven papillie are arranged in the V-type. All are very pro- 
minent, the fossa3 are clearly defined, and tlie valiums fonn well- 
marked zones. In this formation my specimen resembles that of 
Miinch (8), but differs from Mayer’s example (7), in which there 
were four vallate papillao. The vallate area contains botli conical 
and fungiform papilla}. In my second specimen the apical papilla 
is replaced by three papilla) deeply sunk within the common 
fossa. It is unusual to have the three papiliw of a cluster deeply 
recessed ; they are usually prominent. 

The Fkmgiform PapiUoe (text-fig, 31 A). 

The distribution is the same as in M, rhesus^ but they are not 
so numerous in the centre of the oral part of the dorsum. They 
are very numerous behind the apex and in front of the vallate 
area. The ventral apical cluster is also large, but the posterior 
part of the ventral papillai^ zone has few papillae. 

TJie Conical Papillce (text-fig. 31 B). 

The arrangement of the papillae and inclination of tibeir points 
take the usual form. 

The papillary bodies Are flat, conical or cylindrical, and the 
number of points is variable. 

A few minute orifices of gland duets and pits are present. 
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The Lateral Orgima (text-Og, 29 B). 

Thd short, wide suloi, whi<di nm forwards and upwards, 
separate flat^ furrowed laminsB. The right organ is 1*4 cm. long, 
and has 11 laminss and 12 sulci. The left organ is 1*2 cm. long, 
and has 10 lamino and 11 sulci. 

The apex of the triangular lamella is slightly cleft and 

rounded. 

I have not observed the row of glandular bodies under the 
tongue described by John Hunter (16). 

The Srtnsr-rAiLKb Macaque (ilf. Bpedoma). 

£tabitat: Burmbh. 

Meamremente. — Total length 5*8 cm. ; length of the oral part 
4*7 cm.; length of the pharyngeal part 1*1 cm.; greatest width 
2*6 cm. 

The apex has a mesial notch. The UUeral borders have the 
usual characters, and the structuree mentioned on page 278 are 
absent. 

Text-figure 80. 
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The vullate papillse and lateral organs of Macacue speciosua. 


The Circumvalhte PapUlce (text-fig. 30 A & B). 

Four vallate papillse are arranged in the V-type. Including 
the posterior papilla, the right limb has three elements, but the 
left one has only two. The left anterior papilla is round and 
umbilicated, the fossa is clearly marked, and the vallum is fiat 
and granular. The right anterior papilla is oval, grdnular, and 
recessed, the fossa is clearly marked, and the vallum appears as 
a prominent circular band. The posterior papilla is large and 
pix)miDent ; it has a central club-shaped papilla, and is surrounded 
by a lobulated vallum. 

T%e Fwngiform PapiUcs (text-fig. 3l A). 

The fungiform papillte Are neither numerous nor pi’ominent, 
but they stretch right across the dorsum. They have the usual 
arrangement ill clusters and rows. On the lateral borders and 
inferior surface they are discrete. They are hemispherical or 
pedunculated,, ahd none are overlapped by conical papill». 

The Con^l PapiUm (text-fig. 81 B). 

Their arrangement and disposition according to size and 
direction of their points follow the usual plan, and the inter- 
^Ijaptlkijr app^ in fbHft eC strips. There is no 

great variation in their types. 
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Ih^ Lateral Orgms (text-fig. 30 C). 

The lateral oi'gaos appear as rows of short, furrowed, flat 
lamiuce separated by wide sulci. The rows may form a straight 
Hue, or be convex downwards. The right organ is 1*7 cm. long, 
and h^is 13 lamiuce and 14 sulci. The left organ is 1*5 cm. long, 
and has 6 laminae and 7 sulci. 

Lymphoid Tissue and Glands. 

On the sides of the base there are many small round eminences 
with central openings, and a few are situated in front of the 
epiglottis. They are more numerous than in any other Macacus 
tongue which I examined, but they do not occupy such a large 
proportion of the tongue as in the Langurs. 

The FreTial Lamella, 

The triangular lamella has a bifid apex, the halves of which 
taper from a wide base. The edges extend postero-laterally as 
far as the middle of the lateml organs. The upper surface of the 
free part is smooth. 

The vtniral papillary border is narrow and has few papillae, but 
these have the usual disposition. 

The median ventral snlcue lodges a triangular ci*est which is 
larger than in all other Primates. 


The Barbauy Ape {M, inuus), 

Chatin (4) and Mlinch (8) have describc^d the tongue of M, 
inuus or ecavdatus, and recorded that it has a vallate triangle. 
The latter examined thirteen tongues of Macaque monkeys and 
only found the vallate triangle in this species. 


Text-figure 31. 


A O. C. 
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The faiigiform (A) and conical (B) papilla; of the Macaques. 

The Philippine Macaque {M, philippinensia). 

Mr. E. I, Pocock has lent me the sketch of the frenaJ lamella 
which is simply bifid. 

The fungiform papillae (text-fig. 31 A) and conical papillae 
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(text*-fig« 31 B) present a uniformity of types, as shown in these 
figures, in all species. 

Summary of the Genua Macacos. 

1 . The vallate papillie are arranged in the triangular, V-type, 

or double-pair formation, and all forms may appear in any 
species if suificient examples of each are studied, as shown 
in the introduction to this paper, and in the description of 
Macacua rheaua, 

2. The pharyngeal part of the tongue is relatively larger in 

the genus Macacua than in the genus Cercopxiimua, 

3. The glandular orifices are, in most cases, like pin-holes. 

They are largest in Macoxua ayedoaua. 

4. The vallate papillae may have recesses at their anterior and 

posterior poles, and in no other genus of the Cercopithecidss 
did I see these. 

5. The f renal lamella is more fre<|iiently bifid than entire. 

Genus Gebockbus. 

WuiTE-coLLAREi) Makgabey (6\ (ethiopicua). 

Habitat: West Africa. 

Meaawrementa* — Total length 4*8 cm. ; length of the oral paiii 
3*6 cm. ; length of the pharyngeal part 1-2 cm. ; width between the 
lingual attachments of the palato-glosssil folds 2 cm. ; thickness 
in the vallate area *95 cm. 

The apex is rounded, haa a delicate median notch, and is 
roughened by closely -set conical and fungiform papillie, and the 
fungiform [)apill» on the lateral hordera are prominent and close 
together. These lateml papillae are followed by a row of larger 
oval bodies which compose the lateral organs. 

A fine tneaidU auhua runs along the dorsum. 

The CircumvalUUe Fapillas. 

Three large white circular vallate papillie are an*anged in the 
form of an acute-angled isosceles triangle, with the apex posterior. 
They ofier a marked contiRst to the yellow doraum. 

All tlie papillae ai*e smooth, polish^ and glistening, the fossae 
are well marked, and the valiums appear as clear flat zones. 

The Fungiform Papillate 

The fungiform pajpillae are absent from the centre of the oi*al 
part of the dorsum ; on the sides they are arranged in clusters 
and rows in tiie usual manner. 

All are hemispherical, smooth and polished, an^d there is no 
overlapping by conical papillae. " 

The fungiform area is bounded posteriorly by a Y-shaped row 
of papilla) running backwards and inwards fi-om the anterior 
extremities of the lateral organs to the middle of the vallate area. 
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TAe Conical Pa/piUce. 

Tlie conical papill® are arranged in the typical form, and the 
direction of the points takes the usual course. Those on the base 
are large. 

The papillae have cylindrical, conical or compressed bodies, and 
have one or more points. 

At the insertions of the palato-glossal folds there are clusters of 
pedunculated papillae, but histological examination alone reveals 
whether these are conical or fungiform in type. 


Text-figure 32. 



The tongue of Cercocebui atkiopieus. 


Lymphoid Follicles and Ducts, 

On the base of the tongue there is on each side a large cluster 
of lymphoid nodules, and several large ones have orifices of ducts 
or pits. The two masses are separated by the median glosso- 
epiglottic fold. 

The Lateral Organs (text-fig. 32 C & D). 

On each side of the tongue there is a row of lamincB and sulci. 
The latter are short and wide, and the former are small and 
rounded, so the organs look like rows of beads. The laminae are 
smooth, furrowed, or crossed by a ridge, and ai'O single or double 
(text-fig. 32 0, n). 

The measurements, laminae, and sulci are shown as follows 


Organ, Length, Laminoe. Sulci, 

Right 1 cm. 9 10 

Left M„ 8 9 
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The lamMa. 

The apex is bifid, and the edges, which are tubercnlated 
posteriorly, extend as far as the middle of the lateral organs. 

The ventral papiUary zone is widest in front. It has a single 
row of fungiform papillae. 

The structures mentioned on page 27B are absent. 

Miinch ( 8 ) has shown that the tongue of the Sooty Mangabey 
(C. fuliginoBue) has a vallate triangle. 


The White-crowned Mangabey ((7. lunvdatus ). 

Habitat : West Africa. 

Total length 5 cm.; length of the oral part 
4*4 cm. ; lengtli of the pharyngeal part *6 cm. ; width between 
the lingual attachments of the palato-glossal folds 2*3 cm. 

The apex is flat and devoid of a notch. It is very closely 
studded with small fungiform papillae. The lateral borders are 
more rounded than in C\ cethiopiemy but their fungiform papillse 
are more numerous, smaller, and arranged in more than one row. 

The usual structures are absent (see page 278). 

Text-figure 33. 


A, 


B 


The vallate papilhe (A) and lateral orji^ans (B) of Cereocehus lunnJatus. 


The Clrmmvodlaie PapiUce (text-fig. 33 A). 

Three papillae form an isosceles triangle with an acute apex, 
but they are not so large nor prominent as in (7. ceihiopiem. 
Moreover, they are not thrown into prominence by the contrast 
between their white colour and pigment of the dorsum, for 
the tongue is devoid of colour. All are circular and vary in 
protrusion or retraction, the fossa? are clearly-cut, but the valiums 
are not prominent. 

The Fungiform Papillae, 

The character and distribution are the same as in C, cethiopiem, 
but the papillae are smaller and more numerous. 

All the papillae are hemispherical, and their surfaces are 
smooth or granular. 

The Conical Papillae, 

Their arrangement and distrilmtion according to size follow the 
usual plan. 

The papillary bodies are cylindrical, irregular or tapering, and 
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they have one or more points. The interpapillary dorsum appears 
as streaks. 

Glands and Lymphoid Tissue, 

The base of the tongue is nodulated, and a few orifioes of gland* 
ducts and pits are present, as in G, cethiopicm. 

The Lateral Organs (text-fig. 33 B). 

The lateral organs present a very diflferent appearance to those 
of C, cethiopieus^ for they do not look like rows of small oval 
bodies. They consist of a series of flat, furrowed, lamince 
separated by wide primtiry sulci, and those in the centre of the 
organs are larger than those at the sides. The right organ is 
1*1 cm. long, and has 10 laminae and 11 sulci. The left organ is 
1-1 cm. long, and has 8 laminae and 9 sulci. One of the right 
laminae has three furrows (text-fig. 33 B, a). 

The Frenal Lamella, 

The triangular frenal lamella has a bifid apex, and the plain 
edges extend back as far as the posterior ends of the lateral 
organs. 

The ventral papillary %one maintains an even width, and the 
median ventral sfulms is narrow and deep. 


Genus Tiieropithecus. 

Garrod (6) has pointed out that the Gelada Baboon (T, gelada) 
has a triangular vallate area. 


Genus Papio (='Cynocephalus). 

The Guinea Baboon (P. sphhuc). 

Habitat: Africa. 

The conical tongue has the following measurements*, — Total 
length 6 cm.; length of the oral part 4*6 cm.; length of 
the pharyngeal part 1*4 cm. ; width between the lingual attach- 
ments of the palato- glossal folds 2*6 cm. 

The rounded apex has no notch, and is very thickly clustered 
with very small fungiform papillre. The lateral borders are 
rounded and possess many fungiform papillae arranged in the 
usual manner. At their posterior ends the lateral organs are 
situated. 

The Circumvallate PapUloe, 

Type — double pair. 

Tiie two anterior papillae are large, circular, smooth and 
prominent, the fossse are clearly defined, and the valiums are 
nodulated, Both posterior papillse, of which the left one is the 
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larger, are smooth, oval, and contained within well-marked fossae ; 
both stand on a nodulated elevation (text-fig. 84). 

Briicher (3) has figured a tonguO with six papillae arranged 
in the form of a V. 

The Fungiform Papillce, 

The fungiform papillae form a dorsal bounding zone which is 
broad, and they have the usual arrangement thereon. They are 
very numerous and prominent, and, with the exception of a 
cluster of small ones in the mid-line behind, they increase in size 
in the usual manner. Those on the lateral borders and inferior 
surface are also numerous, prominent, and close together. 

They are hemispherical or bossed, their surfaces are mostly 
smooth, and none are overlappe<l by conical papillm (text-fig. 35). 

The Conical Papillce (text -fig. 35). 

The conical papillaa have the usual distribution and the usual 
arrangement according to their size and the direction of their 
points. They have flat or tapering bodies and one or more 
points. Between them the interpapillaiy dorsum appears as 
strips. 

At the sides of the base of the tongue there are a few small 
orifices of glandular ducts and pits. 

The Lateral Organs (text-fig. 34). 

The lateral organs are confined almost entirely to the lateral 
borders. They consist of a series of wide sulci separating 
laminae wliich are shoi’t, traversed by secondary sulci, and more 
or less rounded. Tlie organs, therefore, look like rows of small 
oval bodies. The left organ is 1*2 cm. long, and has 9 laminie 
and 10 sulci. The right organ is 1’3 cm. long, and has Slamincs 
and 9 sulci. 

Tlte Frenal LameUa (text-fig. 36). 

The triangular lamella has a deeply-cleft apex, and the upper 
surface of the free anterior part is smooth. The edges, which 
extend postero -laterally as far as the levels of the anterior limits 
of the lateral organs, bear tubercles and pointed processes 
anteriorly, and are undulating posteriorly. 

The ventral papillary zone narrows from before backwards, and 
is crowded with conical and fungiform papillae arranged in the 
usual manner. 

The median venUral stdmis is narrow and deep throughout its 
entire length, and a ridge passes into it from the upper surface 
of the frenal lamella. No median dorsal sulcus is present, 
however, in the fresh tongue. 

Mr. R. I. Pooock has lent me a sketch of the frenal lamella in 
which the apex is divided into two large diverging processes 
(text-fig. 36). 
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Thb Aeabian Babook (JP. haiim^rpa$y 
Hal^tat : Arabia and Abyssinia. 

The spatulate tongue has the following nuasuremeniM Total 
length 7*4 cm. ; length of the oral part 5*7 cm. ; length of the 
pharyngeal part 1*7 cm.; width between the lingual attachments 
of the palatO’glossal folds 2*6 cm. ; width of the anterior third 
2*9 cm. 

The flat hae no mesial notch* and its papill«e are insigni- 
flcant. The lateral borders are rounded, and their papillie are also 
small ; their fungiform papillie are discrete (separate). Running 
back from the apex for 2*4 cm. there is a deep mesial dorsal 
svlms. 

Text-figure 34. 
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Phoms</tyns. Panubis. 

The tongaes of the Baboons. 

The upper figures are vallate papillaiy patterns, and the lower figures of P. sphinx, 
P. hamairpas, and P. anuhis represent lateral organs. 

The CireumvaUate PapiUce (text-fig. 34). 

Four papill® form a V with a backwardly-directed apex. The 
left limb consists of three papill®, including the posterior 
one, whereas the right limb has two. The posterior papilla is 
large, oval, smooth and glistening, the fossa is clearly cut and has 
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a posterior skaight proiongatipa; vallum is prominent, 
'granular and coarsely nodulated* All the other papillae are small 
and circular; their bodies are smooth and polished, their fossae 
are sharply cut, and their valiums appear as clear zones* The 
two smaU papiJbe on the left limb appear to iteid on a common 
vallum* 

Within the vallate area there are several large fungiform 
papillfiB which can easily he mistaken for the small anterior vallate 
papiUie, but the pocket, lens reveals how they have neither fossee 
nor valiums. Tim area is also considerably roughened by conical 
papUlis* 

TAe Fungiform FapUloB (text-fig. 35). 

The fungiform papill^a are absent from a small area on the 
middle of the dorsum, but they have the usual arrangement 
elsewhere. They are all hemispherical or bossed, and are 
surrounded, but never concealed, by the ooniosl papilhe. 

The ventral apical cluster oont^dns small elements. 

The Corneal Papill<9 (text-^fig. 35). 

The conical papillae have the usual arrangement, and the usual 
direction for their points. They have flat, cylindrical or ta|)ering 
bodies, and the number of points which each possesses varies. 
Between the rows the interpapillary dorsum appears as strips. 
The papillae on the base are prominent. 

Glands and Lymphoid N’od'ides. 

Several prominent elevations arc formed on the base by 
lymphoid nodules, and several orifices are present. These are 
minute in front of the epiglottis, but there is, on each side of the 
base of the tongue, a row of prominent round or slit-like orifices 
stretching along the whole length of the palato-glossal folds. 
These are more pronounced than in P. ephituv. 

The Lateral Organs (text-fig. 34). 

On each lateral border there is a series of short furrowed 
laminae separated by wide sulci. The lamin© do not project, 
however. Some of the more posterior laminae appear as oval 
bodies incised by deep secondary sulci, but these must not be 
mistaken for glandular pits, from which they are separated by 
a short interval. The right organ is 1*9 cm. long, and has 

11 laminae and 12 sulci. The left organ is 1*8 cm, long, and has 

12 laminae and 13 sulci. 

The Frmal Lamella (text-fig. 36), 

The lamella has a rounded, eut^ire, finely crenated apex, and 
the edges, which are not prominent, extend almost as far back as 
the middle of the latei*al organs. 

Proo. Zool. Soc.— 1921, No, XXII. 
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The Chaoma Baboon (P, porcartua). . 

Habitat : South Africsa. 

The tongue is spatulate and has the following measuremenMx — 
Total length 10*3 cm. ; length of the oral part S‘6 cm. ; length of 
the pharyngeal part 1 *7 cm. ; width between the lingual attach^ 
ments of the palato-glossal folds 3*2 cm.; width of the anterior 
third 4 cm. ; thickness in the vallate area 2*4 cm. 

The apex is flat afid bos a mesial notch whence a mesial dorsal 
sulcus runs back for 1 cm. It is covered by small conical and 
fungiform papillae which are all visible to the naked eye ; they 
are not, however, so prominent as in some species of Cercopiiii/ecua. 

The lateral borders are similar to those of the Ceroopitheques 
in general both as regards papillm and lateral organs. The fungi- 
form papillffi are discrete. 

The CircumvaUate Papillce. 

Three large prominent vallate papilla) form an equilateral 
triangle (each side =1*5 cm.) with the apex behind. Within 
that there is a small vallate V consisting of three veiy . small 
papillfiB on the left limb and two on the right. Miinch ( 8 ) has 
described small papillae as being remnants of an anterior V-row, 
and Briicher (3) has figured them as connecting the large papillae 
in P, sphhiiV, but my specimen is more in support of Miinch^s 
views than is Briichcr’s illustration. 

All the large papillae are circular and have granular surfaces ; 
their fossa) are well-marked, and the valiums appear ns white 
granular rings raised above the level of the rest of the dor&\im. 
The small papillae are circular and prominent, but their valiums 
are not raised. 

Within the vallate area there are many conical and a few 
fungiform papillae which can be mistaken for the small vallate V. 
'To distinguish the latter I have coloured them bhick in 
text-fig. 35. In my second specimen five large papillre form a V, 

The Fanyiform Papillm, 

Fungiform papillse cover the whole of the oral part of the 
doi sum, but are few in number in the centre. They have the 
usual arrangement in clusters and rows, but the anterior cluster 
covers a larger area than in any species of Cercopiihecm \ it 
covers the whole of the anterior third of the tongue. On the 
lateral borders and inferior surface they form a single row of 
discrete elements. 

All the papilhe are hemispherical and a few have centml bosses. 
Their surfaces are smooth or granular. 

The Conical PapilUe. 

The conical papillae extend back on to the epiglottis. They 
have the usual arrangement in clusters and rows, but the 
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directions ^of the latter are not so clearly marked as in other 
Oercopithecidffi. In their type and arrangement, and their 
enormous development on the base of the tongue, they resemble the 
conical papillae of the Gorilla. They differ in the latter respect 
from the conical papill© of P. anuUa. The points of the papillae 
are directed backwards, or backwards and inwards in the usual 
manner. 

Text-figure 35. 








AfCi^nn 


The dorsum, inferior surface, and lateral organs of Pepio porcariuty and the 
fungiform and conical papille of the Baboons. 

When they are examined through the lens it is seen how they 
present a large variety of forms which are shown in text-fig. 35. 

Behind the apex, on the dorsum, thera are many cylindrical 
and a few filiform papilla. In the middle third the papillary 
bodies are flat and scale-like, and their margins are plain or 
prolonged into a variable number of processes. On a zone lateral 
and posterior to the large vallate papillse the conical papillae are 

22 * 


318 DE. 0. f. 60KNTA3 OK THE AKATOItt 

of medium size; and their bodies are cylindrioal, conical or 
fusiform, and are plain or have processes^ Behind the zone and 
extending on to the epiglottis are large papillm which are 
spherical, shield>like or tuberose ; they may or may not have 
p^ocesse^s. On the sides and inferior surface the papillss are 
small and filiform. 

Lymphoid Nodules and Glands, 

The base of the tongue has glands and lymphoid nodules of 
variable size, and large duct orifices are present in rows on the 
elongated lateral masses. It is difficult, without preparing 
sections, to determine whether a small nodule is a large papilla 
or a lymphoid nodule. 

The Lateral Organs, 

The lateral organs consist of small fissures and laminsB on the 
lateral borders and dorsum. All the laminae have small secondary 
fissures, and the primary or interlaminar sulci are wide. All the 
fissures of the left organ run from Ijelow forwards and upwards, 
but those of the riglit lateral oi*gan run forwards, upwards, or 
backwards. The measurements, laminae, and sulci are shown 
as follows : — 

Organ, Length, Lamince, Sulci, 


Bight 1'9 cm. 11 12 

Left 1-8 „ 10 11 


The Inferior Papillary Zone, 

The papillary bounding zone of the inferior surface is wide 
round the apex, but narrows as it is traced posterioi'ly. It is, in 
the former situation, closely dotted by small conical and fungiform 
papilla). 

Plkce fimhriatm are absent in my specimen. 

The mesial sulcus is shallow and wide. 

Tlie frenum is long and lax. 

The Frenal Lamella, 

The lamella is triangular in shape, but the edges sweep round 
to the bifid apex, and the dividing fissure is deep. The edges 
also run back to below the middle of the lateral organs and are 
crenated or bear processes. The upper surface has a mesial 
longitudinal sulcus from which short, horizontal fissures pass out 
across the lamella. 

The Anubis Babook {P, anuhis). 

Habitat : West Africa. 

Measurements, — Total length 9*2 cm. ; length of the oral part 
6*6 cm.; length of the pharyngeal part 2*6 cm.; width between 
the lingual attachments of the palato-glossal folds 3 cm. ; width 
of the anterior third 3*2 cm. 
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4?he apex has a mesial notch whence a mesial dorsal mime runs 
backwards for 2*3 cm. It has many fungiform papillae. 

The structures mentioned on page 278 are abi^nt. 

The Ciramvallate Papillee (text-flg. 84^. 

The vallate area consists of two anterior papillae, and a mesial 
cluster of three small papillae standing on a plane surface. The 


Text^figure 36. 



baboum. Panubts. Ranubts. 



Ranvbts R mof'itton. 

Tlie frcnal lamclbs of the Baboons 


anterior papillae are oval and retracted, the fossae are clearly 
defined, and the valiums appear ^s prominent zones. All papilla) 
are smooth, but the valiums are granular. 

^ Several of the figures are reproduced from sketches lent to me by ICr. E. I. 
Pocock. 
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The Fungiform Papillm (text-fig. 35). 

The fungiform papilla) have the usual arrangement, but the 
rows are maint^iined far forwards, Tliey form a dorsal bounding 
zone ou which they are numerous, but tliey are scanty on the 
ventral zone. 

All are hemispherical, and smooth or granular. None are 
overlapped by conical papill®. 

The Conical Papillw (text-fig. 35). 

Arrangement , — Behind the apex there is a dense cluster, but 
behind this the papillae are all in oblique chains. No transverse 
rows are present. Between them the interpapillary dorsum 
appears in the form of strips. 

The papillary bodies Jire flat, conical, cylindrical or tuberose, 
and they have one or more processes which are directed in the 
usual manner. They are not, however, arranged in zones as 
in P, porcarius. 

The Lateral Organs (text-fig. 34). 

Hmall rounded lamellae are separated by wide primary sulci, so 
the organs look like rows of small oval bodies. They lie entirely 
on the lateral borders. The right organ is 1*3 cm. long, and has 
8 laminae and 9 sulci. The left organ is 1*2 cm. long, and has 
10 laminae and 11 sulci. 

The Frenal Lamella (text-fig. 3fl). 

The triangular lamella has a rounded apex with a small fissure, 
but no transverse sulci are present on the upper surface. The 
edges have small tubercles posteriorly. 

A few orifices of ducts and pits are present on the sides of the 
base. 

The mesial ventral sulcus has a mesial crest, and the frenum is 
long and lax. 

Flower (6) states that there is one posterior vallate papilla, but 
there may be small ones merging into fungiform papilla), and the 
latter are large. 


Tue Mandrill {P, mormon). 

Miinch ( 8 ) has pointed out how the tongue of P, mm*mon has 
a well-developed lateral organ. 

In the specimen which I examined there are five vallate 
papilla) in the V-formation. The mesial papilla of each limb is 
small, the two anterior papillae are large and round, and the 
posterior papilla, which is the largest of all, is oval (text-fig. 34). 

The left lateral organ has seven laminas and eight sulci, and the 
right organ, whose ridges are all furrowed, has five lamina and 
six sulci. 
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The freml laUxella has a bifid apex, and the edges have long 
processes (text-fig. 36). 

Ko plicte fimbriatse are present. 

From the descriptions of different species of Pwpio described 
.above, one can see that plicsB fimbnata) are absent. Meckel, as 
reported by Oppel, found traces, however (17). As the mucosa 
of the under surface of the tongue is sometimes very lax in the 
Baboons, and thrown into small irregular folds, a false impression 
of the plioss may be obtained. 

Summary. 

1. The tongues of the Oercopithecidae do not contain man 3 ’^ 
pigmented forms, and those which are coloured vary in the dis- 
tribution of the pigment. The tongue of Cercopithecus pcdas may 
be yellow or colourless. 

2. The conical and fungiform papillce, with few exceptions, 
exhibit the usual type of arrangement. Only in CercopltJmcua 
ijithiopa was it different. 

3. The va.llate papilloo form a triangle, V, or double pair, but 
the pattern is not characteristic in any genus. 

4. The latenil organs appear as rows of sulci and flat laminae, or 
as I'ows of oval or rod-like bodies. 

5. The frenal lamella is entire or bifid, even in difterent 
examples of the same species, so it is not of value for purposes of 
classification. 

6 . The glands on the base of the tongue are largest in the 
Langurs, in which they occupy a large area. They are not very 
prominent in the Cercopitheques nor in the Macaques ; in the 
former the duct orifices are larger than in tlie latter. In the 
Mangabeys and Baboons they form prominent masses with large 
orifices on the sides of the bise of the tongue. These structures 
are, therefore, of the gretitest value in classifying the tongues of 
the Oercopithecidffi. 

7. Plicce fimbriatao, lytta, foramen caecum, and Apical Gland 
of Nuhn or Blandin are absent in the adult tongue. Plicao 
flmbriatae may, however, be present in very young tongues. 
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1 %: De»«5rij)tioti« of N^ew Moths from South-East Brazil. 
By E. DtTKINFIBLD JoKEs, F.Z.S., F.E.S. 

tR«o«ived Octot»«r 16, lft60 : Read Eebruaty 23, 1921.] 

(Plates L-Jil .♦) 

Pam. NoOTtTiB JB. 

MlCTOCfiBOA BAULATA, Sp. U. (PI. I. fig, 17.) 

Female , — Palpi rufous brown ; legs brown, the fore and mid 
birsi fuscous ringed mth ochreous ; head and body light brown ; 
anal tuft rufous. Pore wings brownish ochreous, suffused with 
rufous at base and on medial and terminal areas; dark basal 
spots on costa, subcostal nervure, and inner margin ; a wavy dark 
antemedial line, dilated on costa and followed by broad whitish 
band, which includes the orbicular; orbicular whitish, distally 
defined by black ; reniform whitish, incurved and defined proxi- 
mally and distally by black lunules confluent with a black diffused 
fascia in cell and beyond it ; a fine wavy postmedial line excurved 
beyond cell, incurved from vein 4 to inner margin, follow’ed by 
rufous shade ; a large fuscous triangular subapical spot on costa 
containing three white points; a sinuous whitish subterminal 
line incurved from apex to diseal fold, angled inwards on the 
fold, excurved from discal to submedian fold and bent outwards 
to Wnus; terminal area rufous: a tei*mmal line of fuscous 
lunules on the interspaces; cilia rufous and fuscous brown. Hind 
wings brown ; cilia with ochreous spots opposite the veins. 

Expanse 27 mm. 

Hah, Sao Paulo, S.E. Brazil. 

Mictoohboa pALLinuLA, sp. u. (Ph I. fig. 18.) 

Mfde . — Palpi and antennae light brown ; body and wings creamy 
white ; abdomen slightly irrorated with light red-brown. Fore 
wings suffused and lightly irrorated with pale reddish browm ; 
the lines very obscure ; antemedial line excurved from costti to 
submedian fold, then incurved to inner margin ; orbicular and 
reniform creamy white defined by pale reddish brown ; indica- 
tions of medial dark shade; postmedial line sinuous, excurved 
from costa to vein 2, incurved from 2 to inner margin ; termen 
and cilia ooncolorods. Hind wings slightly irrorated with pale 
reddish brown. 

Female similar to male. 

Expanse : male 2i mm., female 27 mm« 

iM. Oastro, Parani, Brazil. 

* For expUttatioa of the Platee see p. 866* 
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BrYOCODIA PAULINA, sp. II. (PI. I. fig. 3.) 

Palpi reddish brown ; pectus white ; legs ochreous 
brown ; irons, head, and antennse reddish brown ; tegulaa ochreous 
with dark brown bar ; thorax ochreous and brown mixed ; abdo- 
men ochreous irrorated with fuscous, some fuscous scales on dorsal 
tufts. Fore wings reddish brown ; double dai’k subbasal lines 
from costa to median nervure, angled outwaids on costa ; dark 
subbasal patches below cell and on inner margin ; a dark ante- 
medial line, distinctly marked from vein 1 to median nervine, 
obscure thence to costa, some rufous before it from 1 to median 
nervure ; a median dark shade on costa, outlined on proximal 
side by orbicular, a whitish disc below median vein and a prolonged 
second disc reaching nearly to postmedial line on submedinn 
fold ; orbicular lai'ge, giey, ringed with wdiite and outlined with 
fuscous on proximal and distal sides; reniform centre white sur- 
rounded with grey, and an outer ring of white outlined with 
rufous, some dark scales below it ; some rufous in cell and on 
discal fold ; postmedial line oblique from costa, excurved beyond 
cell, sharply angled outwards on vein 6, then incurved to inner 
margin, followed by a broad white curved fascia with distal pro- 
jections oil \eins 3 and 4, a narrow diflused dark lino on the 
white close to the postmedial ; a very dark fascia beyond the white 
from torn us to vein 3 ; a large brown apical spot with white at 
the lower end ; termen dark brown witli rufous line before it ; a 
broad white fascia on inner margin fi*om base to postmedial. 
Hind wings ochreous sufiused with brown. 

Expanse 23 mm. 

Bab, Sao Paulo, S.E. Brazil, 

TaRACHE PARANA, sp. n. (f^l, I. figs, 4, 5.) 

Male, — Palpi white, third joint brown ; pectus white ; frons 
brown ; head, cheeks, tegukc, patagia, and thorax white , aniennte 
brown ; abdomen dorsally brown, ventrally white, anal tuft 
luteous. Fore wings white ; a bluish-grey Imsal spot followed by 
two larger ones on costa and subcostal nervure; two still larger 
confluent spots on costal and submedian areas and a smaller one 
below vein 1 ; a sinuous bluish' grey antemedial band, broad from 
costa to submedian nervuie and naiTow thence to inner margin, 
separated from the above by a narrow white line ; a small bluish- 
grey spot on middle of costa; a minute black spot in cell; a 
broad dark medial band in and below cell to inner margin, 
incurved from cell to vein 1 and followed by similarly shaped and 
broader steel-blue space ; an irregular dark fuscous-browu post- 
medial band followed by steel-blue to near apex ; an ixTegular, 
broken, rufous-brown subterminal band ending in large fuscous 
subapical spot on cosl^; cilia rufous brown and white, a large 
purple-brown spot above the tomus and at the ond of ,vein 6, 
Hind wings white ; a terminal fuscous-brown suffusion, broad at 
apex ; cilia white with brown band. 
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Female , — The basal spots as in male; the aiitemedial dark 
band confluent with the medial steel‘*blue space above inner 
margin ; tlie dark shades on medial area snfliised with olivaceous 
brown. Hind v^ngs fbscous broVvn, lighter at the base. 

Expanse : male 24 mm., female 22 mm. 

Hcii, Oastro, Faran4, Brazil. 

AcANTHODIOA FRIGIDA, sp. n. (PI. I. fig. 14.) 

Female , — Palpi red-brown, with a fine dark longitudinal streak 
on outer side; legs red-brown; frons anteriorly red-brown, 
frontal tufts brown mixed with greenish grey; back of head 
dark red-brown ; antennse brown ; tegiilaB light and dark brown 
mixed, a few sca.tter€»d white scales ; thorax and abdomen red- 
brown ; sliouldei's and patagia white, a few greenish-grey scales 
on thorax and inner fringe of patagia. Fore wings light red- 
brown ; base white ; a small annulate black basal spot ; indica- 
tions on costa of double subbasal, antemedial, and metlial lines ; 
a diflused postmedial line, oblique on costa, bent outwards along 
vein 1 1 , then strongly excurved and marked by double row of 
minute dark points on the veins from 7 to 2 ; a difl[used dark 
subterminal shade ; a dark brown fascia on discal fold beyond 
postmedial ; a large irregular wliite space extends from the base 
to the postmedial line, extending above subcostal nervure from 
subbasal to antemedial line, basal half of ceil, submedian area to 
below vein 1, interrupted by brown triangle at one-third from 
base, continued to postmedial as far as vein 7 ; distal half of cell 
brown, containing a small white spot ; a large fuscous spot below 
cell at origin of vein 2 ; a large semicircular ochreous apical spot 
defined by fuscous on proximal side ; inner margin brown strigu- 
lated with dark fuscous ; two minute white spots above tornus 
followed by black ^loints. Hind wings suffused with reddish 
fuscous ; an elongated white spot with black bar across it at 
tornus. 

Expanse 40 mm, 

llab, Sao Paulo, S.E. Brazil. 

Phueys fascuta, sp. n, (PL L fig. 16.) 

Male, — Palpi, legs, ^nd antennas light brown ; head and thorax 
’ brown mixed with lilacine grey ; abdomen ochreous. Pore wings 
lilacine grey irrorated with brown ; costa brown ; a bi*oad, dark 
fuscous streak on submedian interspace from near base to near 
subterminal dark band; a subterminal dark band from before 
tornus to apex, evenly incurved on proximal and wavy on distal 
edge, followed by light brown; a lance-shai>ed dark stx*eak, with 
base at origin of vein 3 and point near the dark band at vein 6 ; 
a terminal brown shade. Hmd wings ochreous white with 
diffused dark subterminal band. 

Expanse 28 mm. 

Hdb, Castro, Parana, Brazil. 
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Faua. Notodontid-®. 

Lobeza ibbobata, sp. n. (PI. I. fig. 13.) 

Female , — Palpi fuscous and white ; pectus tawny ; femora and 
tibiae fuscous, tawny, and white ; tawi dai4c fuscous and white ; 
head and thorax fuscous, tawny, and white; abdomen blacky 
some tawny and white on anal segment, rentral sui&oe fuao^us, 
some tawny haiia on distal ends of sc^gments, anal segment 
bright tawny. Fore wings white, heavily irrorated with fuscous 
and tawny ; an obscure geminate basal line, distinct on costa ; a 
wavy geminate antcmedial line angled outwards on subcostal and 
median nervures ; the basal area dark and heavily suffused with 
tawny ; a slight tawny medial shade ; a white discocellular spot ; 
postmedial line well defined, very wavy, dai'k, diffused, angled 
outwards on veins 8 and 7, incurved from 6 to 4, angled outwards 
on 3, thence incurved to inner margin, followed by narrow light 
shade and a broad fuscous and tawny suffusion to subterminal 
line ; subterminal line very wavy, with double distal projections 
between veins 2 and 4 and 6 and 8 ; a dark lunular terminal 
line ; cilia a crenulate line of fuscous and white. Hind wings 
fuscous ; cilia white at ends of veins. 

Expanse 72 mm. 

Jlab, Alto da Seri*a, Santos. 


Fam. Melalofhid^ 

Kosema paluda, sp. n. (PI. I. fig. 10.) 

Female, — Palpi, legs, and antennae ochreous; heed green; 
tegul® reddish ochreous ; thorax green ; abdomen ocbreous. 
Fore wings pale green ; costa ochreous ; a minute white point on 
discocellulars. Hind wings white. Underside white. 

Expanse 38 mm, 

Hab, Castro, Parand, Brazil. 

MoRESA MONA, sp. n. (PI. I, fig. 15.) 

Female , — Palpi and lejgs light brown sprinkled with fuscous; 
frons green ; vertex of head and antennas light brown ; tegul®, 
patagia, and thorax green ; abdomen light buff. Fore wings 
green ; costa ochreous irrorated with fuscous ; a large white spot 
irrorated with fuscous on discocellulars ; a smaller similar spot 
above vein 2, and a still smaller one above vein 3 ; a minute 
white point on vein 1 at one*third from base. Hind wings 
uniform light buff. 

Expanse 44 mm. 

Eab, Alto da Serra, Santos. 
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Fam. Geometrid^. 

Subfam. BoAttHiiNiC. 

MSitOCAUaTA FELXKARIA, Bp. n. (PL I. tig. 20.) 

Femak. — Palpi : 1st joint ochreous buff, 2nd and 3rd purple- 
brown ; legs ochreous buff speckled with purple-brown ; frons 
anteriorly ochreous buff, posteriorly purple-brown; veHex of 
head purple-brown ; patagia and thorax ochreous ; a minute 
dorsal and two larger subdorsal spots on metathorax ; abdomen 
ochreous specklerl with purple-bi’own. Pore wings ochreous 
sparsely irrorated with purple-brown, the medial area suffused 
with light brown extending to termen l^etween veins 6 and 7 ; a 
wavy diffused antemedial line angled outwards on median ner- 
vure ; an obscure postmedial line, wavy from inner margin to 
vein 6, interrupted between 5 and 7, bent inwards from 7 to 
costa ; a subterminal ^ries of minute dark points ; an obscure 
brown discocellular bar ; tei'men and dlia reddish brown. Hind 
wings ochreous irrorated with purple-brown ; a diffused medial 
line in continuation of postmedial of fore wings ; terminal area 
slightly svtffnsod with reddish brown. 

Expanse 27 mm. 

Ilab, Castro, Parana, Brazil. 

Aplogompha castrarta, sp. n. (PL I. fig. 21.) 

Male, — Palpi and legs ochreous mixed with brown ; head, 
thorax, and abdomen purplish brown ; antennae })urplish brown, 
the shaft ringed witli oclneous. Fore wings purplish brown suf- 
fused with fuscous, the medial area lighter than the rest; dark 
antemedial, medial, and postmedial bands, the two former nearly 
straight, the latter evenly excurved; terminal area darkest, 
especially towards apex ; apex lighter ; costa crossed by minute 
ochreous -orange strigulae ; a ferruginous discocellular spot sur- 
rounded by dark purple-brown confluent with medial band. 
Hind wings the same shade as the medial area of fore wings ; a 
rather broad dark antemedial band ; a nan*ow wavy postmedial 
line strongly excurved between the discal and suhmedian folds ; 
an obscure subterminal line more clearly indicated on inner 
margin ; apical area dark ; termen dark ; cilia light purple- 
brown. Underside bright ochreous orange closely covered with 
bright purple-brown strigul® ; the bands and lines as on upper 
side, but much brighter, terminal ai’ea with orange strigujated 
spots at costa, inner margin, and between veins 2 and 4. 

Female, — The markings as in the male, but the whole surface 
of the wings is heavily suffused wdth fuscous; cilia somewhat 
reddish. Underside suffused wtth reddish purple-brown. 

Expanse : male 16 mm., female 17 mm. 

Hah. Oastro, Parana ; SHo Paulo, S.E. Brazil, 
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Aplooompha fumabia, sp. n. (PL I. fig. 8.) 

Mah , — Palpi ochi^ous atid fuscous; legs ochreous speckled 
with fuscous; antennae shaft fuscous ringed with ochreous, 
pectinations fuscous ; thorax and abdomen purplish fuscous. 
Wings purplish fuscous : fore wings with antemedial, medial, 
postmedial, and subterininal dark bands; a yellow bar across 
costa beyond antemedial and four beyond medial (in some 
specimens there is another bar beyond the postmedial) ; a ferru- 
ginous spot on disoocellulars ; termen dark fuscous; cilia dark 
fuscous, tipped with whitish below apex : hind wings, the bars 
very obscure; a ferruginous discoceilular spot surrounded by 
dark fuscous. Underside : fore wings purple fuscous, suffused 
with reddish at apex; three bands of ochreous- white strigulie, 
the medial one broad and the poxstmedial narrow; the disco- 
cellular spot brighter than on upper side : hind wings similar, but 
the strigulse more evenly scattered over the lower half of the 
wing ; discoceilular spot as on fore wungs. 

Expanse 15 cam. 

Hah. Castro, Parand ; Ara^atuba, Sao Paulo, Brazil. 

APLOaOMPIIA SETINARIA, sp. n. (Pi. I. fig. 9.) 

3fale. — Palpi and legs rufous brown ; frons and antennae dark 
rufous brown ; tegulie, patagia, thorax, and abdomen purplish 
grey speckled with darker shade. Fore wings gloxssy purplish grey ; 
three rather broad siiiuoUxS. ferruginous lines excurved on upper 
half and slightly incurved on lower half of wing ; a whitish 
streak before the antemedial on costa; the postmedial with 
outward points on veins 3, 4, and 6 ; costa yellow barred with 
purplish grey; costal area thickly and rest of wing sparsely 
striated and irrorated with whitish. Hind wings the same shade 
as the fore wings, a medial and a postmedial line broader and 
more diflfused than on fore wing ; the irrorations very much 
scattered. 

Expanse 18 mm. 

ffdb. Castro, ParanA, Brazil. 

Aplooompha yaponaria, sp. n. (PL I. fig. 7.) 

Male. — Head, palpi, pectus, and legs ochreous orange, tarsi 
suffiised with purple-brown ; antennae, shaft light brown ringed 
with purple, the pectinations purple; thorax and abdomen 
brownish orange; fore wings bright brownish orange, heavily 
suffbfi^ with fuscous brown on terminal area ; fine dark brown 
strigulm on costal area ; a dark antemedial line broad at costa, 
narrow on inner margin, bent outwards on median nervure and 
vein 1 ; postmedial oblique from costa to vein 7, thence wavy 
and obscure; an obscure series of subterminal spots; a dark 
discoceilular streak; cilia dark fuscous brown. Hind wings 
brighter than tjie fore wings; an obscure antemedial line; a 
well-defined medial line from inner margin to vein 7 close to 
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origin ; a subterminal line of spots ; cilia concoloix)ua excepting 
at ap6K where they are fuscous brown. Underside brighter 
than upper, sparsely irrorated with dark brown ; a heavy suffusion 
of ferruginous brown at apex and torn us ; a large triangular ochre- 
ous spot on apical suffusion from below vein 5 to above 6, suffijsed 
with ferruginous on the veins ; a well-defined anteraedial line on 
fore wings, angled outwards on median nervure ; a diffused wavy 
postmedial line on fore wings continued medially across hind 
wings. 

Expanse 18 mm. 

llab^ Castro, Parand, Brazil. 

Ophthalmophoea coltjmbaeia, sp. n. (PI. I. fig. 23.) 

Female, — Palpi: 1st joint white, 2nd and 3rd buff; pectus 
and femora white ; tibiue and tarsi ochreous; frons bright buff; 
vertex of head and tegulsa white; antennae ochreous; patagia 
pale ochreous brown, white on the shoulders ; thorax pale ochi^iis 
brown ; abdomen : first segment ochreous brown at base, then 
white and posteriorly ochreous ; the rest of abdomen ochreous. 
Fore wings white, heavily suffused with reddish brown ; costal 
area pale ochreous yellow with white below ; outer half of inner 
margin white; cilia pale primro-se-yellow. Hind wings white; a 
very broad band at base the same colour as the fore wings ; a white 
band separating this from the rest of the wing, which is suffused 
with yellow and thickly irrorated with red-brown ; a postmedial 
line of iridescent gold scales from beyond the cell to tornus, 
nearly meeting on costa a subterminal line of similar scales; 
terminal area orange ; some scattered metallic scales on inner 
margin neat* base ; a black spot ringed with white and centred 
with iridescent metallic scales between veins 6 and 7 ; cilia pale 
primrose-yellow. 

Expanse 24 mm. 

Hah, Castro, Parani, Brazil. 

Calluraptbeyx paulaeia, sp. n. (PI. II. fig. 15.) 

Male, — Palpi fawn-colour with white at the ends of the joints ; 
pectus white ; legs oclu’eous ; frons fawn ; vertex of head white ; 
antennse light brown ; tegulse, patagia, and thorax white ; abdo- 
men fawn. Fore wings white ; costa, light brown ; the lines light 
blown, straight, expanding on costa, basal narrow, ante- and post- 
medial geminate, enclosing lighter shade, subterminal narrow, 
terminal broad; a brown streak on discocell ulars ; cilia a lighter 
shade. Hind wings white ; a broad postmedial line, geminate, 
enclosing lighter shade, angled outwards on vein 6 and above 
vein 7 ; a naiTOW subterminal line fixim before tornus to discal 
fold ; a terminal line from tornus dilating to vein 4, where it 
suddenly becomes narrow and is bent upwards and changes to pale 
tawny ; apex pale tawny, an irregular metallic silvery-white ring 
on the tawny from discal fold to near costa, within this ring there 
is a black spot surrounded by white and with a few metallic scales 
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in the eeatre ; e lai'ge bleck teriaiiml epot ebeve vein ^6 end e 
lunular one above 7 ; cilia pale brown from ternue to vmn 4^ 
white from there to epeac. 

Expanse mm. 

ffai. 8&0 Paule, SJS. Brazil. 

Eaeioi>£s FLAViciuA, ap. n. (PL IL fig. 26.) 

Mule, — Palpi light brown ; legs ochreous, the fore- and mid-* 
tibiee shaded with fuscous ; antenna) browii ; frons and vertex of 
head yellow ; back of head, tegulse, and shoulders yellowish green ; 
patagia green; abdomen pale ochreous, some green at base of 
dorsum. Fore wings bright yellowish green with a few scattered 
black scales ; oosta ornnge at base, then white with narrow yellow 
shade below to near apex, where it changes to light bix>wn with 
bright rufous in place of the yellow ; a smdesof postmedial bnght 
rufous spots on veins 2, 3, and 4 ; cilia yellow. Hind wings 
creamy white. 

Expanse 23 mm. 

Hah. Alto da Serra, Santos 

Eakiodbs bimaculata, sp. n. 

Female, — PaJpi, frons, and antonnse bi’own ; vertex of head and 
thoiax green ; tegulao light brown ; abdomen ocbreous, dorsally 
green at base. Fore wings yellowish green ; costa white except 
at base which is yellow, at the aj>ex there is a reddish streak 
below the white ; a large pale purplish-brown lenticular spot 
irrorated with whitish and red-bicwn from below vein 2 to above 
vein 4 ; a bar of the same colour from inner margin to submedian 
fold at ono-third from base ; cilia yellowish white. Hind wings 
ochreous white. Underside : the lenticular spot on the fore wings 
is fuscous. 

Expanse 28 mm. 

Hab, Castro, Parand, Brazil. 

Very close to F. variomacidata Warren. 

ApICIA STIUQULARIA, sp. n. (PI. II. fig. 24.) 

Male. — Palpi ochreous with some brown scales, thiixi joint 
brown ; pectus and legs ochreous ; hind femora and tibiae with 
fuscous spots, spurs ringed with fuscous; frons light ochreous 
brown speckled with darker scales ; thorax, patagia, and abdomen 
ochreous irrorated with black, wings pale buff incrated 

with black, the Imsal area suffused with tawny and the terminal 
aim heavily striated with fuscous ; sub-basal line represented by 
a black spot in the cell ; an obscure brown antemedial line suf- 
fused with whitish, angled outwards in cell and marked by black 
spots on subcostal and median nervures, on vein 1, and inner 
margin; a minute black discocellular spot; a postmedial band 
from middle of inner margin to apex, consisting of a dark line, 
light shade, dark line, wmtish line, and dark line, the second 
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dark line punctuated on the veins ; a dark suffusion at the apex ; 
some strigulce on inner half of wing from vein 1 to inner margin ; 
termen dark; cilia light at base, dark at tips. Hind wings 
striated over the whole; a broad medial band similar to post- 
medial of fore wings ; a minute discocellular spot. 

Expanse 30 mm. 

Alto da Serra, Santos. 

Apicia gbminimaoula, sp. n, (PI. II. fig. 17.) 

Male. — Palpi and frona brown ; pectus and legs light brown ; 
head, antennae, and thorax light brown, two black spots on meta- 
thoiax ; abdomen light brown, two black distal subdorsal spots 
on basal segment, the spots confluent on the following segments. 
Wings light brown irrorated with darker brown and black. 
Fore wings : antemedial line tawny brown from inner margin to 
median nervure wdth dark spot on vein 1 and median, above 
median invisible except black dot on subcostal nervure ; a minute 
black discocellular spot \ postmedial line tawny brown, slightly 
wavyi dark points on the veins; two large subterminal spoto on 
veins 2 and 3 ; termen and cilia concolorous, a dark spot at ends 
of the veins. Hind wings : a broad diflfnsed tawny medial shade ; 
a black discocellular spot ; a fi^ne dark postmedial line, diffused 
on veins, preceded by diffused tawny shade, followed by light 
shade ; a subterminal row of small spots on veins 1~3 ; termen 
angled on vein 4 ; cilia with black spots at ends of veins. 

Expanse 25 mm. 

llm, Castro, Parana, Brazil. 

Oeatoptera fenesteaeia, sp. n. (PL II, fig. 16.) 

Male ^ — Palpi rufous brown ; pectus light brown ; legsochreous 
speckled with black, tarsi ringed with black ; frons and head 
light browui, white between the antennso ; antennee light brown ; 
tegulsD, patagia, thorax, and abdomen light brown, the latter 
with a few scattered black scales. Fore wings light ochreous 
brown, suffused with purplish brown and striated with purplish 
brown and bhick strigulae ; antemedial line strongly angled out- 
wards in cell, preceded hy white points on costa, on median 
nervure, and vein 1 ; a medial dark shade strongly angled 
outwards l)6low costa and merging into a straight dark band 
from middle of inner margin to apex followed by narrow tawny 
and broader whitish shade ; a black spot followed by white on 
costa near apex ; a large ochreous somihyaline spot beyond the 
band from below vein 2 to abpve 3 with some strigulse and 
the veins dark ; beyond the spot is a dark diffusion, leaving a 
light space below epox ; a black discocellular spot with a short 
black fascia above it ; cilia dark brown. Hind wings ochreous 
brown with brown and black strigul® and suflfused with tawny 
brown on lower part of outer half of wing ; an antemedial band 
of brown, tawny and whitish in continuation of band on fore 
pEoo* Zoon. Soc. — 1321, No. XXIII. 23 
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vringfi; ; a dark medial shade ; three black points at tomus on 
veins 1 and 2 and submediau fold ; cilia dark brown. 

Expanse 42 mm. 

i?a6. Alto da Serra, Santos ; Castro, Parand. 

TfiTRAGONODBS GEMINARIA, Sp. n. (PL IL fig. 9.) 

Female. — Palpi ochreous, outwardly brown; pectus ochreoiis; 
legs ochreous speckled with brown ; frons, head, antennae, thorax, 
and abdomen light yellowish brown, obscurely strigulated with a 
darker shade and irrorated with black ; a minute black disco- 
cellular spot; a very oliscure dark medial shade; a geminate 
post medial line from costa just before apex, incurved to vein 7, 
where it is acutely angled outwards, slightly incurved to 6 and 
thence straight to inner margin one-thii*d from torn us, the inner 
member rufous brown and the outer dark brown, with whitish 
between ; termen concolorous; cilia dark brown with whitish base. 
Hind wings ochreous suflTused with light brown and in'oraied 
with black, the terminal area with a darker suffusion ; a medial 
geminate line similar to postinedial on fore wings, slightly and 
evenly excurved ; cilia as on fore wings. 

Expanse 29 mm. 

Hah. Castro, ParanA, Braril. 

Baqodares oastra, sp. n. (PL I. fig. 22.) 

Female, — Palpi, head, and antennro reddish brown, a white 
bar between the antenna' ; legs ochreous suffused with reddish 
brown ; teguhe reddish brown mixed with white; patagia, thorax, 
and abdomen light brown. Fore wings Avhite ; costa light brown 
irrorated with darker shade; tvvro narrow brown bands from inner 
margin near the base converging and meeting in the cell, thence 
a single line to below costa just before apex, where it bends 
violently inwards to costa; a brown fascia from one- third on 
costa, to join the other band in the cell; two brown l)ands from 
middle of inner margin converging and meeting at apex ; a sub- 
terminal single band meeting the preceding below apex : termen 
dark brown; cilia light brown. Hind wings: a straight ante- 
medial brown band; two parallel postinedial Iwnds; a suhterminal 
band meeting terminal line at apex ; terminal line dark brown ; 
cilia light brown. 

Expanse 22 mm. 

Hah, Castro, ParanA, Brazil. 

PoLLA acutaria, sp. n. (PI. II. fig. 10.) 

Female, — Palpi brown, outwardly fuscous ; pectus white ; legs 
ochreous speckled with fuscous ; frons rufous-brown ; head, 
antenrue, thorax, and patagia light brown mixed with white ; 
abdomen darker brown. Fore wings light brown with fuscous 
strigulse ; a well-defined dark brown anteraedial l)and from inner 
margin to cell at origin of vein 2, followed by tawny suffusion ; 



NEW xotms FEOM SOXTTE-BAST BftAZIL. 


333 


a diffused tawuj postmedial line, fuaoous on ooata, bent outwards 
below oosta, followed hy series of indistinct dark spots diminish- 
ing in size from inner margin to vein 4; a pale submarginal 
band, preceded by indistinct dark spots at tornus and on vein 2 ; 
a minute dark disoocellular spot ; cilia dark brown. Hind wings 
light brown, heavily strigulated ; a suhbasal dark brown band 
forming continuation of antemedial of fme wings ; an obscure 
medial line of spots, indistinct except on inner margin, where 
there is a large dark spot surrounded by white; a wavy dark 
subterminal lino on lower half of wing, expanding into large 
patch at tornus ; a very minute discocell ular spot. 

Expanse 39 mm. 

Ilab, Alto da Serra, Santos. 

TaoToaoNiA castraria, sp. n. (PI. II, fig. 18.) 

Male. — Palpi, pectus, and fore- and mid-femora dull orange ; 
legs ochreous ; frons rufous ; antennm ochreous orange speclded 
with purple-brown ; tegulas whitish ; patagia bright ochreous, 
the scales tipped with white ; abdomen ochreous, dorsally rufous 
with some white scales. Fore wings bright ochreous ; costa 
olive-brown ; an olive-brown antemedial band between fiine 
whitish linos from subcostal to inner margin ; a narrower rufous- 
brown band, evenly incurved fixim vein fi through end of cell to 
middle of inner margin ; a dark brown subterminal baud irronited 
with a few whitish scales ; termen dark brown shading to rufous 
at apex; tlie medial area suffused with rufous; subjjpical area 
rufous, containing two <lark subcostal spots surix)undt*d with 
whitish ; terminal areti from vein 5 to tornus hetivily suffused 
with olive-brown, containing ochreous spot below vein 2 ; cilia 
dark olive-brown shading to rufous at apex, a white spot above 
submedian fold. Hind wings bright ochreous slightly iiTorated 
with rufous ; a dark antemedial band with some whitish scales 
slightly incurved from middle of inner margin, obscure on costa ; 
a minute spot at apex below vein 7 ; cilia bright ochreous except 
at apex, which is dark olive-brown with a few wdiitish scales. 
Underaide brighter than upper ; fore wings : costal area rufous, 
terminal tirea broadly rufous brown with yellow spot below 
vein 2 ; hind wings bright ochreous yellow, a rufous spot at 
apex below vein 7. 

Expanse 29 mm. 

Ilab. Oasti’o, Parand, Brazil. 

Kumia strigularia, sp. n. (PI. II. fig. 11.) 

Male . — Palpi dull ochreous yellow, the third joint rufous- 
brown ; legs ochreous yellow speckled with rufous ; frons and 
antennie rufous brown ; thonu^ and abdomen dull ociireous 
yellow. Pore wings dull ochreous yellow striated with minute 
rufous strignlsB which become black on costal edge; a rufous- 
brown antemedial band, broad at costa and nan*owing to inner 

23* 
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margin, angled outwards below costa and preceded by a whitish 
line; a narrow postmedial band, indistinct except from inner 
margin to vein 2, followed by some whitish scales ; a subapical 
brown spot on costa containing a few white scales ; a subterminal 
spot on vein 3 and below vein 2 ; tennen and cilia rufous brown. 
Hind wings ochreous yellow striated with rufous strigulfis ; a 
postmedial brown band, broad at costa and narrowing- to inner 
margin, followed by whitish scales ; apex rufous brown ; cilia 
ochreous yellow except at apex. Underside : the colours are 
brighter and the markings more distinct. 

Expanse 27 mm. 

llah. Castro, Parand, Brazil. 


Campatokema, gen. nov. 

Palpi upturned, roughly scaled, third joint minute ; frons with 
conical prominence ; anteniife of male fasciculate : thorax clothed 
with scales and hairs ; patagia fringed with long hairs ; abdomen 
smooth. Fore wings : costa evenly arched ; apex rectangular ; 
tennen evenly curved ; cell more than half the length of the wing ; 
vein 2 from middle of cell, 3 from well before angle, 4 from 
angle, 5 from middle of discocell ulars, 6 from upper angle, 
7 from cell close to angle, 8 and 9 stalked fi*om 7, 10 from 7, 
11 from cell. Hind wings: cell more than lialf the length of the 
wing ; termen curved, slightly angled on vein 4 ; vein 2 from 
mbliile of cell, 3 close to angle, 4 from angle, 5 absent, 6 from upper 
angle, 7 from close to angle. 

Type, (7. vuirginata. 

Campatokema maiiginata, sp. n. (PI. II. fig. 21.) 

Male. — Palpi brownish ochreous, 2nd joint with some fuscous 
scales on outer side ; legs, head and antenna} brownish ochreous ; 
thorax and abdomen ochreous. Fore wings ochreous sparsely 
irrorated with ferruginous brown ; costa ferruginous brown ; 
termen broadly ferruginous brown at toriius, diminishing to apex ; 
traces of postmedial and subterminal lines, conspicuous on inner 
margin; inner margin ferruginous brown at tornus; a minute 
dark discocellular point. Hind wings ochreous, the outer half 
irrorated with ferruginous brown ; a medial l>and wide at costa 
and angled outwards above vein 7, narrower on inner margin ; 
termen bi'oa.dly ferruginous brown. 

Expanse 24 mm. 

Hah. Alto da Serm, Santos. 

OXYDIA PALUDARIA, Sp. n, (PI. IT, fig. 12.) 

Male-. — Palpi dark brown, the tip of third joint ochreous white; 
pectus ochreous* white; legs light reddish brown spotted and 
ringed with dark brown ; frons ochreous white with two brown 
vertical streaks ; vertex of head light brown with white border ; 
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antenna) dark brown, the basal joint white ; tegulre brown mixed 
with white; patagia tawny in front, ochreous white behind; 
thorax ochreous white, two small dark subdorsal spots ; abdomen 
ochreous white irrorated with black. Fore wings ochreous white 
sparsely irrorated with black ; costa tiiwny ; medial shade indi- 
cated by tawny mark below costa ; a minute black discocell ular 
spot ; postraedial line black, evenly incurved from beyond middle 
of inner margin to near termen above vein 6, where it is bent 
violently inwards and incurved to costa, the portion above vein 4 
is tawny; a large cluster of black irroration beyond the post- 
medial on vein 3 ; terminal area darker than the rest of the wing 
and somewhat suffused with fawn-colour. Hind wings ochreous 
white spai’sely irrorated with black; a minute black discocellular 
spot ; postmedial similar to that of fore wing and continuous with 
it, vanishing at vein 7 ; outer half of wing more heavily suffused 
with fawn-colour ; indications of a wavy tawny subterniinal line. 
Underside more heavily irrorated than upper ; the postmedial 
lines diffused black and tawny ; minute discocellular spots. 

Expanse 38 inin. 

Jlab, Castro, Parand, Brazil. 

In a second specimen the whole of the outer area of the fore 
wiiigs beyond a line drawn from tornus to costa a little beyond 
the cell is heavily iiTorated. 

ISOCIIROMOBES ELEGANTARIA, sp. 11 (PI. IJ. fig. 19.) 

Female , — Frons and palpi rufous brown, 3rd joint darker ; legs 
brown ; vertex of head and tegulee light rufous brown ; patogia, 
thorax, anil abdomen light ochreous browm. Fore wings light 
brown slightly irrorated with black ; antemedial line light rufous 
brown, excurved from costa to just before origin of vein 2, 
slightly incurved to vein 1, then bent inwards to inner margin; 
a minute black discocellular spot; postmedial line dark rufous 
brown outwardly shaded by light bixiwn, sinuous, excurved on 
veins 7 and 4, incurved from 4 to inner margin, dark points 
on the veins, preceded by rufous-brown shade broad at costa and 
nai’row on inner margin ; a wavy ochreous- white subterniinal 
line only visible above vein 5, below 5 the whole area from post- 
medial to termen is ochreous white on which are three small 
rufous-brown spots on veins 1 and 2 and the submedian fold, a 
larger and more distal spot above vein 2 ; termen dark brown ; 
cilia ochreous white with dark points at the veins. Hind wings 
light brown, irrorations more numerous than on the fore wings ; 
antemedial line obscure ; postmedial rufous brown followed by 
whitish, slightly wavy, evenly excur^’^ed and preceded by a slight 
rufous-brown suffusion reaching to cell ; a subterminal series of 
obscure diffused rufous-brown spots ; termen and cilia as in 
fore wings. 

Expanse 25 mm. 

SdSb. Alto da Berra, Bantos. 



SS6 Hit. DtrKtHimB ^rorai oir 

AZfiLiKA nilTBIUElA, i&p. n. (Ph II. ^g. 13.) 

JfaZe. — Palpi dark rufotis brown, the third joint tipped with 
ochreous ; legs bright creamy ochreons suffused and spotted with 
purple-brown ; head and anteiinfo rufous brown ; patagia and 
thorax purplish brown; abdomen rufous brown. Fore wings: 
base likcine with brown striations ; a fine black antemedial line 
outwardly shaded with dark brown, obliquely excurved from 
costa to vein 1, where it bends outwards and then makes a 
minute and violent curve to inner margin ; the black line follows 
the inner margin and connects with the postmedial line, which is 
slightly excurved from inner margin to submedian fold, then 
incuived obliquely outwards to vein 4 well beyond the cell, 
thence almost straight to well before apex ; the medial area 
above the median vein creamy buff* slightly irrorated with brown, 
some reddish-brown suffusion beyond the cell ; below the median 
vein dark purplish brown striated with lilacine ; a difFhsed lilacine 
subterminal line joining postmedial on costa, the space between 
postmedial and aubterminal creamy buff’ striated with brown ; 
terminal area suffused with red above vein 2 to apex ; termen 
lilacine ; a series of dark subterminal spots between the veins, 
those above veins 3 and 6 containing ochreous points ; cilia dark 
brown. Hind wings lilacine grey; an obscure pale wavy j>ost- 
medial line ; inner margin golden buff’ to postmedial, beyond this 
bright creamy ochreous to tornus and extending to vein 3; 
black subterminal spots between tli© veins, the one above vein 6 
with ochreous point ; cilia brown tipped with white. 

Expanse 33 mm. 

llab, Alto da Serra, Santos. 

Nearly allied to A, hahemwia Guence. 

Azelina cktana, sp. n. (PI. II. fig. 14.) 

Male. — Palpi light brown, outwardly fuscous, third joint 
fuscous tipped with light brown; legs light bi-own heavily irro- 
rated and suffused with fuscous; frons and aiitennfe mldisli 
brown ; vertex of head and tegula) light brown mixed with 
ochreous white ; patagia reddish brown suffused with fuscous, a 
few ochreons- whit© scales; thorax and abdomen red-brown. 
Fore wings light brown ; an indistinct double inner line ; a black 
sinuous antemedial line outwardly shading to red-brown, strongly 
angled inwards and preceded by ochreous- white spot on vein 1 
and meditin vein ; a wavy black postmedial line angled inwards 
on the veins and strongly excurved on the interspaces, shaded 
inwardly with brown and followed by ochreous whit© at costa, 
preceded by a nearly straight dark shade confluent at costa and 
at veins 3 and 4 ; a wavy subterminal line from before apex to 
vein 4, where it joins the terminal line, strongly angled inwards 
m vein 6 ; a terminal line of spots between the veins ; the inner 
area suffused with violaceous and irrorated and stmted with 
brown ; the medial area above the median vein yellowish brown, 
below the median violaceous ; outer area pale olive*green suffused 
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with brown except the part beyond the ^ubterminal line at apex, 
where it is violaceous brown ; cilia reddish brown. Hind wings 
suffused with golden brown, lighter on inner margin; a pale 
postmedial line, obscure on costa and clearly defined on inner 
margin; a series of subterminal spots between the veins, the 
three near tornus much larger than the rest. Underside reddish 
brown slightly irrorated with darker shade and suffused with 
fuscous on central area ; costa crossed with brown strigulae ; 
ochreous white at apex, above tornus, and on discocellulars ; a 
slightly sinuous postmedial line ; on the hind wings the post- 
m^ial line is wavy, dark, followed by ochreous white. 

Expanse 34 mm. 

Hah. Alto da Serra, Santos. 

NePHODIA BONITARIA, sp, n, (PI. II. fig. 22.) 

Female. — Palpi light brown, third joint dark; legs, head, 
antennie, thorax, and abdomen brownish grey ; patagia dark 
brown on shoulders. Wings brownish grey. Fore wings : costa 
dark brown at base, becoming paler towards apex ; a dark diffused 
antemedial shade, cleaily defined on costa ; a dark diffused disco- 
cell ulai* bar ; a narrow postmedial line parallel with termen ; cilia 
dark with darker spots at ends of veins. Hind wings : an indis- 
tinct discocell ular spot; a diffused postmedial line excurved from 
costa to vein 3, incurved from 3 to inner margin ; cilia with dark 
spots at ends of veins. 

Underside : — Fore wings suffused on costal and terminal areas 
with broad brown strignlae ; postmedial line and discocellular bar 
as on upper side. Hind wings more heavily suffused with brown 
strigula^ ; postmedial as on upper side. 

Expanse 34 inm. 

Hah. Castro, Parand, Brazil. 

Nephojdia pattlaria, sp, n. (PI. II. fig. 23.) 

Male. — Palpi light brown; pectus grey; legs grey suffused 
with brown ; frons, head, and antennae grey ; tegulaj and patagia 
suft\ised w’ith brown ; thorax and abdomen grey. Wings grey. 
Fore wings : costa and outer half of wing suffused with biwn ; 
indistinct diffused dark medial shade beyond cell, confluent with 
postmedial on vein 2; an indistinct diffused dark postmedial 
shade ; a well-defined daa*k discocellular bar ; termen and cilia 
concolorous. Hind wings : a mimite dark discocellular spot ; a 
very faint medial dark shade; terminal area darker than the 
rest of the wing. 

Underside : — Fore wings : costa strigulated with darker brown ; 
a well-defined dark discocellular bar ; a well-defined double fuscous 
postmedial shade. Hind wings evenly strigulated witli broad 
diffused strigulie ; a well-defined discocellular spot ; dark difiiised 
medial and subterminal shades, 

Expanse : male 47 mm., female 48 mm 
SA, SMiO Paulo, B.E, Brazil, 
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BoAKMIA NIdRAEU, Sp, H. (PI. II. fig. 1.) 

Female, — Palpi white, some fuscous scales at end of 2nd and 
3rd joints ; legs ochreous speckled with fuscous, fore tibise with 
large fuscous patches on upper side ; fore tarsi ringed with fuscous, 
raid- and hind-tarsi fuscous; pectus ochreous white; frons 
fuscous ill front and ochreous above; back of head ochreous; 
antenD8& ringed with fuscous and white; tegulee and patagia 
fuscous, light brown, and ochreous ; thorax fuscous brown and 
ochreous, a large ochreous-white spot on raetathorax with 
fuscous band acroiM it ; abdomen ochreous white irrorated with 
fuscous, dark subdorsal spots, a wide black dorsal band at base. 
Fore wings ochreous white heavily suffused with fuscous and 
black ; an obscure dark subbasal line ; enteinedial line narrow, 
black, angled outwards on vein 1 ; an obscure double dark 
medial shade, distinct on inner margin, where there are a few 
reddish-brown scales; a discocellular bar of raised bluish-grey 
scales ; postroedial only visible from costa to below vein 6, black, 
incurved, followed by whitish and then reddish brown ; a very 
wavy whitish subterminal line; terminal area ochreous white 
with a dark fuscous space irrorated with bluish grey from 4 
to 7 ; veins 2, 3, and 4 black from medial shade to subterniinal 
line; a white space on inner maigin from antemedial line to 
medial shade; termen black; cilia ochreous white with dork 
central band. Hind wings ochreous white irrorated with 
fuscous ; an antemedial dai'k shade, double from inner margin 
to cell, single from cell to costa ; a black postmedial line, 
punctuated on the veins, slightly incurved from costa to 
discal fold, then more strongly incuived to inner margin ; an 
elliptical bluish-grey discocellular bar surrounded with black ; 
a very wavy white subterminal line ; the space between post- 
medial and subtorminal from inner margin to discal fold heavily 
sufiTused with fuscous. Underside ochreous white ; fore wings 
slightly strigulated with fuscous brown ; a dark diflfused disco- 
cellular bar; a large fuscous subapical spot; apex ochreous 
white with two minute terminal spots above 7 and 8; hind 
wings ; diffused fuscous discocellular spot, some dark suffusiotx on 
terminal area. 

Expanse 44 mm. 

Hah, Castro, ParanA, Brazil. 

Hymexomima sinuosaria, sp. n. (PI. II. figs. 2, 3.) 

Male, — Palpi brown ; legs ochreous speckled with brown ; 
frons pale reddish brown, a dark bar in front of antennse ; vertex 
of head brownish ochreous ; an ten nee brown ; tegulee ochreous 
mixed with reddish brown ; thorax and abdomen ochreous white 
sparsely irrorated with bkck ; a pair of subdorsal tawny spots 
irrorated with block on second segment of abdomen. Fore wings 
ochreous white irrorated with black; costa narrowly tawny; a 
narrow, tawny, sinuous antemedial line, excurved from costa to 
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median vein, slightly incurved thence to inner margin ; a tawny 
wavy medial shade; postmedial line narrow, sinuous, excurved 
from costa to vein 3, incurved thence to inner margin, black on 
the veins and tawny on the interspaces, followed by a narrow 
pale line, a broad tawny band and a rather obscure zigzag pale 
line angled inwards on the veins and outwards on the inter- 
spaces; terminal area suffused with pale ferruginous brown; a 
terminal row of minute black points on the interspaces; cilia 
brown. Hind wings similar to the fore wings, with the exception 
that there is no antemedial line. Underside ochreous white 
more heavily irrorated than upper, outwardly suffused with pale 
ferruginous brown ; a black discocellular spot ; a postmedial line 
of black spots on the veins. 

Fmi(d €, — The wings purplish gi*ey irrorated with black; the 
lines and suffusions as in mme, but darker and duller. 

Expanse : male 29 mm., female 31 mm. 

Hah. Castro, Paran4, Brazil. 

Hymenomima kivacaria, sp. n. (PI. II. fig. 4.) 

Male, — Palpi rufous brown; pectus white; legs brown; frons 
rufous brown, white in front ; vertex of head rufous brown 
mixed with white ; autennie light brown, white at base ; tegulie 
rufous brown : thomx, ptitagia, and abdomen ochreous with 
scattered rufous-brown scales. Fore wings ochreous irrorated 
with rufous brown ; edge of costa dark brown : antemedial line 
light rufous brown, strongly bent inwards in cell ; medial line 
slightly excurved ; postmedial line dark rufous brown, excurved, 
strongly dentate, the points outwards on the veins ; an obscure 
dentate subterminal line ; terminal line dark rufous brown ; 
cilia ochreous. Hind wings similar to fore wings, but the lines 
not so well defined ; postmedial angled outwards on vein 4. 

Expanse 26 mm. 

Hah* Nivac, Matto Grosso, Brazil. 

Larentiopsis, gen. nov. 

Palpi porrect, short, clothed with scales, third joint minute ; 
frons with a sharp-pointed prominence ; antennae of male bipec- 
tinate, the pectinations short and dilated at the ends; tibial 
spurs short ; thorax and patagia clothed with hairs and hair-like 
scales; a metathoraoic dorsal tuft; abdomen smooth, a small 
dorsal tuft on second segment. Fore wings : costa straight ; apex 
rounded; termen evenly curved, slightly crenulate; vein 2 at 
two-thirds from base, 3 and 4 from angle, 5 from middle of 
discocellulars, 6 fi*om upper angle, 7, 8, and 9 stalked from close 
to angle, 10 and 11 from cell* Hind wings: vein 2 at three- 
quarters from base, 3 from just before angle, 4 from^ angle, 
fi absent, 6 from upper angle, 7 from close to angle, 8 approxi- 
mated to cell near b^ only* 

Typ^ L. etxOijplaga. 
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LARKNTIOP8IS COSTIPLAOA, Sp, n. (PI. II. fig. 5.) 

Mah . — Palpi and head fuscous grey ; pectus white ; legs biwn 
suffused with fuscous grey ; tegulte grey ; patagia white mixed 
with olivaceous ; thorax dark fuscous grey, the metathoracic tuft 
olivaceous ; abdomen dark fuscous grey. Fore wings fuscous grey 
heavily suffused and irrorated with black and olivaceous-green 
scales with iridescent reflection ; basal area fuscous grey ; ante- 
medial line wavy, black, nearly straight from costa to subcostal 
nervuie, where it is angled inwards, excurved below cell, angled 
inwards on vein 1, excurved to inner margin, followed by 
some olivaceous scales above and below vein 1 ; postmedial wavy, 
black, angled outwards on the veins; a dark, obscure subterminal 
line ; terminal line black ; medial area darker than the rest of 
the wing ; a large white »spot on costa beyond cell reaching to 
vein 4, outwardly striated with black on the costa ; an obscure 
white apical spot heavily suffused with black ; a similar spot at 
termen between veins 1 and 2. Hind wings uniform dull smoky 
black. 

Expanse 39 mm. 

Hah. Castro, Parand, Brazil. 


Subfam. Lakkntiin.r. 

Hhodomeka santaria, sp. n. (PI. II. flg. C.) 

Female . — Palpi fuscous brown ; pectus luteoiis ; legs brown ; 
head and tegulae luteous brown ; antennje dark brown ; jmtagia 
and thorax olive-green and fuscous brown, a metathoracic tuft of 
black curved scales with metallic lustre; abdomen liglit brown 
suffused with greenish. Fore wings luteous olive- green; base 
fuscous ; antemedial line geminate, wavy, slightly excurved 
through base of cell, very dark on costa, followed by olive-green 
on which there is a ferruginous-brown band from inner margin 
to subcostal vein ; a geminate dark wavy medial line enclosing 
darker shade of green, very dark on costa ; medial area pale green 
suffused with luteous except on costa ; a black discocell ular spot ; 
postmedial wavy, geminate, the outer member denticulate, the 
points inwards on the veins, enclosing darker shade of green, 
very dark on costa, followed by a narrow |)ale line, a diffused 
dark line and a broad ferruginous-brown band which is confluent 
with a large black subapical spot and has distal projections above 
tornuH and veins 2 and 3 ; terminal area suffused with dark 
olive-green at apex and torn us, leaving a luteous spot below 
vein 2 and a luteous space from vein 3 to the subapical spot ; a 
terminal row of black luniilar spots between the veins; cilia 
luteous olive-green with dark -centre line. Hind win^ pale 
luteous slightly suffused with fuscous on inner margin; an 
obscure geminate postmedial line, excurved beyond the cell ; ter- 
men crenulate, black, interrupted at the veins; eiiia luteous 
suffused with fuscous. Underside luteouS': fore wings sufTused 
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with pale oli^e^gteen at base; a dark olive-green cUscoeellular 
spot ; apex dark olive-green, cut by a fine luteous line from 
above vein 5 to before apex ; a crenuiate dark green postmedial 
Iine» broad at costa ; hind wings : a dark green discocellular 
spot ; a crenuiate dififused dark green postmedial line and similar 
subterminal ; a brown terminal sufiusion. 

Expanse 32 mm. 

Hab. Alto da Serra, Santos. 

BhODOMBNA PAULARlAi sp. n. (PI. II. fig. 7.) 

— Palpi ochreous white, the first joint outwardly black ; 
legs buff heavily suffused with black, the tetrsi black ringed with 
buff ; frons lustrous whitish fawn, a large central purpTe-brown 
spot; vertex of head pale buff- white with brown cential spot; 
antennae slightly metallic purple-brown, the Ijasal joint ochreous ; 
tegulj© pale buff-white with a dark brown line ; patagia ochreous 
white, fuscous brown on the shoulder ; a large black and brown 
mettithoracic tuft with metallic reflection ; abdomen dark ochreous, 
ringed with tawny and dorsally suffused with black. Fore wings 
ochreous white heavily suffused with tawny and fuscous brown ; 
a black basal line fi-om costa to vein 1 ; a dark diftused ante- 
medial line, narrow on inner margin and broad at costa ; a daik 
diffused medial shade, narrow below cell, broad in and above cell, 
enclosing black discocell ular spot and preceded by a iiaiTow 
whitish shade ; a second dark shade before postmedial ; post- 
medial line narrow, denticulate, excurved from vein 2 to 6, 
thence straight to costa, slightly bent outwards to vein 2, followed 
by rather broad ochreous white ; terminal area heavily suffused 
with fuscous and brown, the apex very dark ; an obscure wavy 
subterminal line indicated by lilucine scales. Hind wings 
ochreous suftused with luteous brown ; obscure diffused post- 
medial and subterminal lines ; termen brovrn. 

Expanse 27 inm. 

Eab. Alto da Serra, Santos. 

HYPOLEPIS BELLA, Sp. D. (PL II. fig. 25.) 

Male. — Palpi, pectus, and legs tawny, the latter heavily streaked 
and suffused with dark reddish brown; frons brown tawny; 
vertex of head golden tawny ; antennee tawny, the shaft streaked 
and suffused with brown ; tegulie tawny mixed with golden 
yellow ; patagia outwardly golden brown, inwardly golden yellow ; 
abdomen golden yellow heavily suffused with purplish brown 
except at base, a dorsal and two sublateral dark spots on fii*st 
segment, dorsal only on second and third. Fore wings rich 
golden brown ; costa and subcostal vein barred with golden- 
yellow 8tiigula», costa almost black on basal half ; a silvery- white 
wavy antemedial line angled fiutwards on subcostal vein and 
inwai^db on vein 1 ; a silverv-white m^ial band passing through 
cell^ angled outwaHs on vein 21, the middle of ^ band oooopied 
by a rmxww band of yellow itrovated with brown, the white 
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band preceded by an oblique golden-yellow spot in the cell and a 
dark suffusion in and below cell ; a wavy postmedial line straight 
from costa to vein 7, excurved to 5, excurved to 3, diagonally 
inwards to 2, below which it makes an S and is angled inwardly 
on vein 1 ; a broad silvery- white band follows, much dilated at 
costa, and includes denticulate subterminal line, the points 
outwai’ds on the veins, the middle of the band is suffused with 
yellow irrorated with brown ; the space between the white bands 
heavily with dark brown, the suffusion extending to termen 
betvreen veins 2 and 4 and nearly obliterating the outer white 
band ; terminal line fuscous brown, crenulate ; cilia golden yellow 
interrupted at the veins with fuscous brown. Hind wings 
golden brown ; an obscure diffused dark sinuous postmedial line 
and discocellular spot ; terminal line and cilia as on fore wing. 

Expanse 25 mm. 

Hah* Alto da Serra, Santos. 

PSALIODES AURANTARIA, sp. n. (Pi. HI. fig. 18.) 

Female* — Palpi white beneath, ochreous above ; legs ochreous ; 
antenna3 brown ; frons dark brown ; vertex of head and tegulie 
ochreous; patagia and abdomen ochreous irrorated with brown. 
Fore wings ochreous white ; basal area suffused with fuscous ; a 
wavy dark inner line follovTed by w'hite; central area omnge; 
a broad suffused fuscous medial band preceded and followed by 
white ; a black discocellular spot ; an obscure postmedial line 
followed by broad dark band, fuscous at costa and brown above 
tomus ; terminal line fuscous ; terminal area near apex suffused 
with orange. Hind wings ochreous slightly suffused with orange ; 
a dark discocellular spot. 

Expanse 21 mm. 

llah* Alto da Serra, Santos, 

Eupithecia cuprearia, sp. n. (PI. III. fig. 9.) 

Male* — Palpi pale reddish brown ; pectus white ; legs ochreous 
brown ; head reddish brown ; antennse brown, the shaft ringed 
with light and dark ; tegulse light brown ; thorax and abdomen 
ochreous white. Fore wings ochreous white, suffused with 
fuscous on costa and medial area and with coppery brown on 
outer area ; biiso ochreous white ; a dark diffused wavy basal line 
angled inwards on median vein and outwards on submedian fold ; 
a dark diffused wavy antemedial line angled inwards below costa, 
outwards on subcostal vein, inwards in cell and outwards on 
median vein and vein 1 ; indications of a dark medial shade ; a 
diffused black lunular discocellular spot; postmedial very obscure, 
preceded by light space on costa ; a subterminal line of obscure 
spots, followed by white spot above vein 3 and a few scattered 
white scales on the other interspaces ; broad, dark bars on costa ; 
a fuscous space at tornus. Hind wings ochreous white, the 
medial area below cell suffused with fuscous, other areas suffused 
with coppery brown and fuscous; base ochreous white ; a round 
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dark discocellular spot ; postmedial line broad, diffused, excurved 
beyond cell, straight to inner margin, followed by a light band 
containing a line of diffused coppery spots ; a subterminal row of 
obscure dark spots followed by white spot above vein 3 ; termen 
dark ; cilia light brown. 

Expanse 23 mm. 

Hah, Alto da Serra, Santos. 

Eupithbcia mauvaria, sp. n. (PL III. fig. 1.) 

Female, — Palpi, legs, and head grey tinge<^l with light brown ; 
antennae brown; tegul», patagia, and thorax lilacine grey; 
abdomen greenish grey. Wings lilacine grey. Fore wings : 
costa dark fuscous at base ; antemedial line straight from costa 
to cell, where it forms a right angle, thence straight to inner 
margin ; medial area, a large dark fuscous patch on costa, out- 
lined with whitish and including a discocellular bar of raised, 
iridescent scales, a whitish patch on inner margin suffused with 
fuscous; an obscure pale subterminal line preceded by some 
greenish-grey suffusions; terminal area suffused wdth greenish 
grey. Hind wings : medial area whitish with irregular fuscous 
diffused lines, including discocellular spot; some gi^eenish-grey 
suffusions on outer half of wing. 

ExfMinse 20 mm. 

Hah, Castro, Parana, Brazil. 

Eupithkcia aquanivaria, sp. n, (PL III. fig. 2.) 

Male, — Palpi, frons, head, tegula*, and patagia white with 
slight rufous tinge, the latter with anterior fuscous spot ; fore 
legs brown, tarsi ringed with brown ; abdomen ochreous white. 
Wings lustrous greenish grey. Fore wings : base of costa fuscous 
black ; a large medial patch of fuscous black on costa, surrounded 
by whitish and containing discocellular bar of raised iridescent 
scales ; a whitish dentate subierminal line pieceded by minute 
fuscous spots on the interspaces, those at torn us and costa laiger ; 
cilia very long, lustrous grey with diffused greenish fuscous spots 
on base at the ends of the veins. Hind wings : postmedial and 
subtenuiual dentate whitish lines preceded by dark shade, angled 
outwards on vein 4, thence incurved to inner margin ; a minute 
fuscous discocellular spot. 

Female similar. 

Expanse : male 16 mm., female 21 mm. 

Hah, Castro, Paran4;, and Alto da Serm, Santos. 

Subfam. Stbrrhin^. 

Anisodks bizaria, sp. n. (PI.,.!!!, fig. 3.) 

Mah, — Palpi light rufous brown, whitish beneath ; legs, head, 
antenine, thorax, and abdomen pale rufous brown. Fore wings 
pale rufous brown finely striated with darker purplish brown ; 
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a narrow purplisli-brown antemedial line angled outwards on 
subcostal nervure, thence straight to inner xnai'gin ; a similar 
postmedial line, slightly sinuous, incurved below costa to vein 6, 
excurved to below discal fold and straight to inner margin ; 
costa heavily striated with pui’plish brown on medial and terminal 
portions; a terminal series of minute luiiules between the veins ; 
cilia light reddish brown, some purple at the tornus. Hind 
wings similar to the fore wings, the lines straight in continuance 
of those of the fore wings ; cilia of inner margin purple. 

Expanse 19 mm. 

Hah. Alto da Serra, Santos. 

Anisopes parakaria, sp. n. (PI. HI. fig. 4.) 

Fmnale. — Palpi reddish brown above, whitish beiieath; legs 
and head pale ochreous brown ; vertex wliite ; antennie ochreous ; 
thorax, abdomen, and wings ochreous brown. Fore wings 
irrorated with rufous brown ; well-defined ante- and postmedial 
narrow dark rufous-brown hands; termen and discocellular bar 
dark rufous brown ; cilia ochreous brown. Hind wings similar ; 
discocellular spot elongated, whitish, surrounded by rufous 
bi*own. 

Expanse 23 mm. 

Hah. Castro, Parand, Brazil. 

AkiSODES CAROLINA, sp. n. (PI. III. fig. 5.) 

Fenude. — Palpi pale ochreous brown; legs ochreous brown, 
the trochanters and femora glistening whitish ; hejul roseate ; 
vertex ochreous white with roseate bar; an term m ochreous 
white ; tegular light rufous brown ; patagia with roseate anterior 
spot ; metatliorax witli some roseate .scales ; abdomen ochreous 
brown. Wings ochreous brown, striated with roseate bi^own, 
both wings similar ; antenjcdial line represented by fuscous spots 
on vein 1, median nervure, and cellular fold ; postmedial line of 
diffused fuscous spots on the veins from inner margin to %ein 7, 
preceded by broad fuscous suffusion from inner margin to vein 4 ; 
discocellular spot whitish surrounded by fuscous; termen con- 
colorous, with fuscous spots at ends of veins. 

Expanse 22 mm. 

Hah, Castro, Parani, Brazil. 

Anisodes japaeia, sp. n, (PI. III. fig. 6.) 

Female. — Palpi purple-brown above, white beneath, pectus 
white; legs light ochreous brown; frons white; vertex light 
brown with purple-brown bar; antennee light brown ; tegulaa 
purple-brown ; patagia, thorax, and abdomen light ochreous 
brown. Fore wings light ochi-eous brown irroratSi with dark 
purple-brown ; antemedial line represented by fuscous spot on 
vein 1 and on median and subeostal nervures; a wavy dark 
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medial shade ; a postmedial line of fuscous spots on the veins ; a 
eubterniinal line of diffused brown spots on the interspaces; a 
terminal vow of fuscous spots on the interspaces; cilia ochreous. 
Hind wings light ochi’eotts brown ; antemedial line represented 
by spots on vein 1, median nervure, and in cell ; a wavy medial 
dark shade ; postmedial, subterminal, and terminal lines os on 
fore wings ; discooellular spot silvery white surrounded by brown. 

Expanse 28 mm. 

Ilab, Castro, Parand, Brazil. 

Anisodes antennaru, sp. n. (PI. III. fig. 7.) 

Male » — Palpi and legs light ochreous brown, fore femora and 
tibiaa heavily suffused with purple-brown ; frons purple-brown ; 
head, antennae, tegulao, and j^tagia light ochreous brown ; thorax 
spotted wdth roseate brown ; abdomen light ochreous brown with 
row of roseate dorsal spots. Wings light ochreous brown 
irrorated wdfch roseate brown. Fore wingn: antemedial line 
wavy, strongly angled outwards in cell, defined by dark spots on 
median nervure, in cell, on sulicostal nervure and above it ; a 
diffused narrow medial shade ; a postmedial line of spots on the 
veins, followed by narrow ochreous brown shade ; terminal area 
suffused with ochreous brown ; a terminal row of roseate fuscous 
spots on the interspaces; distjocellular spot surrounded by roseate 
spots at ends of veins. Hind wings similar ; discocellular spots 
larger. 

Expanse* 35 mm. 

Hah, Castro, Pai*an/i, Brazil, 

AnISODIJS VIOORAIIIA, sp. n. (PI. 111. fig. 8.) 

Female, - Palpi outwardly dark brown, inw^ardly ochreous 
white ; legs ochreous brown ; frons daik brown ; bend, antennae, 
and bo<ly ochi^eous. Fore w-ings ochreous, irrorated with fuscous ; 
antemedial line wavy, angled outwards in cell, inwards on median 
nervure, outwards on submedian fold, thence obli(|ue to inner 
margin; a medial line angled inwards on subcostal, outwards on 
vein 6, thence stmight to lower angle of cell and slightly in- 
curve<l to before middle of inner margin, followed by narrow 
dark shade ; a diffused postmedial line with dark spots above 
veins 4~7 ; an obscure subterminal shade ; a terminal line of 
lunular spots ; discocellulur spot ochreous, suiTOunded by orange 
and fuscous; cilia ochreous. Hind wings similar, the medial 
shade well defined on inner margin, not reaching casta. 

Expanse 36 mm.. 

IJab. Castro, Paran4, Brazil. 

H^malia mantaria, sp. n. (PI. III. fig. 10.) 

Female , — Palpi brown ; pectus white ; legs ochreous brown ; 
frons, vertex, and antennee dark brown ; tegulce, patagia, and 
tbomx light ochreous brown; abdomen dark brown with large 
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metallic dorsal spota on first segment. Fore wings ochreous, 
heavily suffused with ferruginous and irromted with dark purple 
metallic scales ; costa purple-brown ; antemedial, medial, and 
postmedial lines narrow, wavy, purple- brown ; a wavy subterminal 
line broadly diffused at tornus, on and above vein 4 and at costa ; 
terinen dark purple-brown ; cilia browp. Hind wings heavily 
suffused with ferruginous and fuscous and irrorated with dark 
metallic scales, the lines very obscure. 

Expanse 26 mm. 

Hah» Castro, Parani, Brazil. 

Near JST. micaceata Wlk. 

HiEMALlA MAGITARIA, sp. n. (PI. III. fig. 11.) 

Female, — Palpi and frons rufous brown ; pectus silvery white, 
iridescent ; legs ochreous, iridescent ; head and antenn© rufous 
brown; vertex whitish; tegul© brown with some iridescent 
scales ; thorax, abdomen, and wings ochreous brown. Fore 
wings irrorated with darker brown, costa brown, dark at Imse 
and lighter at apex ; antemedial line very obscure ; postmedial 
slightly excurved beyond cell; subterminal w^avy, followed by 
light shade : terminal area slightly sufiiised with brown ; a 
fuscous discocellular spot ; termen brown ; cilia ochreous. Hind 
wings more heavily irrorated ; a medial shade in continuation of 
postmedial of fore wings, passing on proximal side of disco- 
cellular ; subterminal line excurved on veins G~7. 

Expanse 20 mm. 

Hah, Castro, Parand, Brazil. 

EoiS LUTEARIA, sp. n. (PI. HI. fig. 12.) 

Male, — Bright buft* with rufous irroration ; frons rufous ; 
antenn© brown. Fore wings : antemedial line rufous, excurved 
across middle of cell ; medial line evenly excurved ; postmedial 
excurved, approximating to medial on inner margin, all the lines 
somewhat diffused, narrow on inner margin and broader at 
costa ; subterminal line much diffused ; termen and cilia suffused 
rufous. Hind wings similar, more heavily suffused ; only tw^o 
conspicuous lines, antemedial and medial. 

Expanse 17 mm. 

Hah* Sao Paulo, S.E. Brazil. 

Ptychopoda terminaeia, sp. n. (PI. HI. fig. 13.) 

Female, — Palpi and legs ochreous; frons reddish brown; 
vertex of head white ; antenn© ochreous ; tegul©, patagia, and 
thorax pale reddish brown; abdomen ochreous brown. Fore 
wings pale ochreous, almost semihyaline ; traces of brown ante- 
medial and postmedial lines; a dark discocellular spot ; subterminal 
line wavy diffused dark brown, incurved on submedian fold, 
Clearly straight fix)m vein 2 to costa ; terminal area a lighter 
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shade of brown except at apex which is ochreoiis ; termen and 
cilia brown. Hind wings pale oclireous; traces of postmedial 
line ; siibterminal line dark brown and terminal area a rather 
lighter shade ; cilia brown. 

Expanse 15 mm. 

Hah, Sao Paulo, S.E. Brazil. 

PlijrCHOPODA DELICATARIA sp. H. (PI. HI. fig. 14.) 

Male, — Palpi, legs, head, and body light rufous brown ; vertex 
of head and autennie ochreous white. Wings oclireous slightly 
irrorated with light brown; the lines light brown, diffused; 
antemedial excurvcd in cell ; an almost straight medial shade ; 
wavy, slightly dentate postmedial and subterminal lines, the 
former marked on costfi by large fuscous spot ; a fuscous disco- 
cellular spot ; tei'rninal line fuscous, broken at the veins ; a 
lightly defined suffusion just before termen. Hind wings similar, 
but the inner lines very indistinct. 

Expanse 15 min. 

Hah, Castro, Paraiid, Brazil. 

PrYCiioroDA r;AMPiNARiA, sp. n, (PI. ITT. fig. 15 ) 

Female, — Palpi, legs, head, andantennte ochreous brown ; vei'tex 
of head whitish ; tegulas and patagia ochreous brown with lilacine 
iridescence ; abdomen ochreous brown. W^'ings pale ochreous 
brown irromt.ed with darker brown and iiTidt;scent scales; the 
lines dark brown. Pore* wings: antemedial line wavy, strongly 
excurvcd in cell; a medinl line passing well within the cell; 
postmedial line veil defined, stmigbt from costa to vein 2, 
incurved on subinediaii fold ; costtil and terminal areas lightly 
suffused with brown; lerminal line brown, broken at the veins; 
a fuscous discocollular spot ; cilia long, ochreous. Hind wings: 
the postmedial line ^yv\[ defined, continuous with that of fore 
w’ings. Underside : the po.Ntmedial lines well defined. 

Expanse 18 mm. 

Hah. Siio Paulo, S.E. Brazil. 

Ptychopoba lilacaria, sp. 11. (PI. II L fig. 16.) 

Male. — Palpi, legs, and head rufous brown ; vertex and 
antennaj ochreous brown ; tegulm and patagia rufous brown with 
lilacine iridescence ; abtlomen dorsally purple- browm, ventrally 
rufous. Wings ochreous brown with lilacine iridescence. Fore 
wings : an obscure pqrplo-brown antemedial line, excuiwed from 
costa to submedian fold; a well-defined diffused dark medial 
band ; postmedial line w’avy, narrow and obscure at inner 
margin, broader at costa, folloived by light shade ; ternanal 
area heavily suffused with purple-brown, with light space dividetl 
by a fine brown line from vein 3 to apex; a minute fuscous 
discocollular spot ; termen purple-brown with conspicuous spots 
Proc. Zoou Soc.--~ 1 921 , No. XXT V, 24 
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below apex; cilia purple-brown. Hind wings: three diffused 
bands ; terminal line of elongated spots ; cilia ochreous. 

Expanse 20 mm. 

Hah^ Alto da Serra, Santos. 

Htria qemmaria, sp. n. (PL HI. fig. 17.) 

Male , — Palpi ochreous and purple-brown; legs ochreous, the 
fore pair suffused with purple-brown on upper side ; frons and 
vertex of head dark purple-brown ; antennae light brown suffused 
with purple near base ; tegulse white ; patagia, thorax, and 
abdomen light brown with lilacine reflection ; a large black spot 
on first segment of abdomen. Fore wings lilacine grey sparsely 
irroi'ated with purplish brown, a strong lilacine reflection ; costa 
pure white from base to postmedial line ; indications on costa of 
a dark medial shade and postmedial line ; a luteous white disco- 
cellular spot shaded inwardly and outwardly with a few dark 
scales ; a dark purple-brown siibterminal line from torn us to 
two-thirds on costa, slightly and evenly excurved beyond the cell 
and dilating on costa, followed by lilacine and reddish purple to 
near termen ; termen and cilia bright luteous. Hind wings 
lilacine grey irrorated with purple-browm ; medial dark shade 
well defined, angled inwartls on submedian fold, outwards on 
median vein and incurved in the cell ; postmedial line less dis- 
tinct ; discocellular spot luteous white surrounded with purple ; 
subterminal line parallel with termen and followed by reddish 
purple ; termen and cilia luteous. 

Female, — Similar to male, but all the colours more vivid ; the 
medial shade and postmedial lino clearly defined on the fore- as 
well as on the hind wings. 

Expanse: male 13 mm., female 15 mm. 

Hah, Castro, Parand, Brazil. 

Hvriogona santahia, sp. n. (PI. HI. fig. 19.) 

Male, — Palpi purple browm : legs light brown, the fore pair 
suftused with purple-brown ; head purple-brown ; antennie light 
brown ringed with darker shade; tegulee and tliorax light 
brown; abdomen light brown heavily suftused with purple. 
Fore wings ochreous sufiiused with light brown with lilacine 
reflection and voiy sparsely irrorated with purple-brown ; ante- 
and postmedial lines indicated by spots on costa; a large purple- 
brown space with lilacine reflection from just before middle of 
inner margin to tornus, the inner edge incurved to origin of 
vein 2, an abrupt outward projection between 3 and 4 ; this 
space is bordered by darker diffused lines and crossed vertically 
by a medial line ; a triangular ochreous space with base on vein 3 
and apex at tornus ; traces of diffused subterminal bands near 
apex ; a black discocellular spot ; cilia pale ochreous, a rather 
large black point opposite end of vein 3 ; outer half of inner 
margin strongly lilacine. Hind wings ochreous heavily suffused 
with purple-brown ; a large ochreous space on inner margin just 
before tornus with tawny shade on inner and upper sides 
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extending to diseocellular spot; a dark purple-brown subterminal 
spot above vein 3 preceded by ochreous; terminal area from 
tornus to vein 6 dark lilacine grey; termen from vein 6 to apex 
ochroous ; an ochreous line divides the grey from the purple 
from apex to snbterminal spot above vein 3 ; cilia ochreous, 
black points opposite ends of veins. 

Expanse 17 mm. 

Hah. Alto da Serra, Bantos. 

Hyriooona montaria, sp. n. (PI. III. fig. 20.) 

Male, — Palpi and head purple-brown ; legs light brown, the 
fore pair suffused with purple ; antennas, tegulse, and patagia 
light redtlish brown; thorax posteriorly purple; abdomen light 
reddish brown, a few purple scales. Fore wings light red<iish 
brown with lilacine reflection irrorated and suffused with piirph - 
red ; cosbi slightly suffused with dark brown; narrow diftused 
dark medial and postmedial lines ; a dark diseocellular spot ; a 
diffused dark purple line from tornus to two-thirds on costa 
shaded outwardly with purple-red, which expands violently 
above vein 5 to close to apex ; terminal area luteous, angled 
inwards on vein ; a terminal row of minute purple points on 
the ends of the veins ; cilia luteous. Hind wings similar to the 
fore wings, but the subterminal area is much more broadly 
suffused w’itli purple and the termen narrowly luteous. 

Expanse 17 mm. 

llah, Alto da Serra, fSantos. 

Metasiopsis proutaria, sp. n. (PI. II. fig. 8.) 

Male. — Palpi brownish ochreous ; legs ochreous irrorated with 
light browm ; frons and head rufous brown; vertex ochreous 
white ; antenna? white ; tegulae pale rufous brown ; thorax and 
abdomen oclireons irromted with brown. Wings ochreous white. 
F'ore-w'ings : imlistinct subbasal, antemedial, and meilial rufous- 
brown bands, the latter enclosing fuscous diseocellular spot; 
postmedial line pale rufous brown, wavy, marked by fuscous spot 
on costa ; terminal area fuscous from tornus to vein 7, the inner 
edge excavated from 2 to 4, the dark space tiuversed by wavy 
pale subtermirial line: a terminal line of fuscous lunules on the 
interspaces, a fine w^avy wdiitish line dividing them from the dark 
area ; cilia ochreous white. Hind wdngs : medial, postmedial, 
subterminal, and terminal wavy diffused fuscous brown bands, 
all of them dai’ker on inner margin. 

Expanse 22 mm. 

Hah* Castro, Parand, Brazil. 

Subfam. Oe6metuinas. 

OoSPILA ALTONABIA, sp. n. (PI. III. fig. 21.) 

MaU. — Palpi inwardly white, outwardly tawny ; pectus white ; 
legs ochreous, fore legs suffused with tawny ; frons purple-brown, 

. 24 ^ 
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a whitish anterior bar ; vertex and antennao shaft white, pectina- 
tions ochreous; thorax green; abdomen white; dorsum rosy 
brown. Wings emerald-green irrorated with darker green scales. 
Fore wings : costa tawny yellow ; a large black discocellular spot 
with white centre and surrounded with white, the white scales 
having rosy reftection ; terinen crenulate, dark purple-brown ; 
cilia rosy brown, white on the interspaces. Hind wings; a 
smaller discocellular spot. Underside white. 

Expanse 32 mm. 

Hah. Alto da Serra, Santos. 

Tachychlora flora, sp. n. (PI. III. fig. 22.) 

Male, — Palpi white ; pectus and fore trochanters green ; legs 
ochreous white; frons green, anteriorly white; vertex white; 
back of head green ; antenna) shaft white, pectinations ochreous ; 
abdomen green at base, segments 4 to 6 grey, anal segments 
white. Fore wings emerald-green ; costa white ; a minute 
black discocellular spot ; a subterminal line of minute brown 
spots on the interspaces, the one above the discal fold larger than 
the rest ; cilia white. Hind wings emerald-green ; a large ante- 
medial yellow space from vein 1 to subcostal nervure, outwardly 
nearly covered by a rosy-brown patch inwardly excavated in cell 
and containing dark discocellular bar ; a pcstmedial series of 
minute brown spots on the interspaces, the one above discal fold 
the largest. Underside white, a very conspicuous discocellulnr 
bar on hind wings. 

Expanse 25 mm. 

Uah. Castro, Parand, Brazil. 


Fain. U RAN 1 iDiE. 

EriPLEMA ORNATA, sp. n. (PI. HI. fig. 23.) 

Female , — Palpi and frons fuscous brown ; legs brown, the fore 
pair suffused with fuscous, mid- and hind -tarsi ferruginous 
brown ; vertex of head and body greyish brown ; antennsB shaft 
ringed with purplish. Fore wings ochreous grey, the costal area 
suffused with greyish brown to postmedial line, the suffusion 
expanding downwards on medial area, forming a triangle with 
apex at vein 3 defined inwardly by a dark line from cell to post- 
medial line on vein 2 ; a fine dark wavy indistinct antomedial 
line cxcurved through coll; postmedial line wavy, inwardly 
ferruginous, outwardly dark, followed by whitish shade ; outer 
area grey with light strigulate suffusion of greyish brown ; a fine 
dark subterminal line and ferruginous sufifusion; cilia light 
brown with dark centre line. Hind wings ochreous grey ; ante- 
medial line very dark, slightly wavy, forming a right angle on 
fold in cell ; a medial line parallel with antemedial from inner 
margin to vein 4, thence slightly diverging to excavation on 
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costa ; the area enclosed between the two lines very dark grey- 
brown and ferruginous, extending in a rounded projection beyond 
medial at costa ; a wavy dark postmedial line on dark suftusion 
with some ferruginous brown; cilia ferruginous with dark 
scattered scales. 

Expanse 18 inm< 

Sab, Guarujd, Santos. 

EpIPLBMA KECTANGUnARIA, sp. u. (PL III. fig. 24.) 

Female, — Palpi, legs, head, antennas, and tegula? dark brown ; 
base of antennie ochreous wliite in front ; thorax and abdomen 
greyish bi*o\vn suffused with rufous, base of abdomen dorsal ly 
purple-brown. Fore wings ochreous brown suffused with fuscous 
on upper half and rufous on lower half; obscure traces of an 
antemedial line angled ontwai'ds on subcostal nervure and vein 1 ; 
a wavy dark <liffused postmedial line bent inwards on discal fold, 
followed by ochreous streak from inner margin to vein 2 ; apex 
creamy white; a dark purplish-brown suffusion at tornus; a sub- 
terminal series of black points on the interspaces ; cilia ochreous 
and brown, black points at the veins. Hind wings ochreous 
heavily suffused with rufous brown on uppci* half of basal and 
medial areiis ; a dark basal line; a dark antemedial line forming 
a right angle in the cell ; postmedial line dark purple-brown 
from excavation on costa to vein 4 where it forms a right angle 
straight to inner margin, followed by rufous shade containing a 
fine strigulaie steel-grey line; a dark suffusion on outer area 
between veins 3 and (> ; a dark wavy subterminal line preceded 
by greyish -brown strigula? and followed by rufous ; a whitish 
terminal line ; apex creamy white wdth a few dark irrorations; 
cilia ochreous brown and fuscjous. 

Expanse 24 mm. 

Hah, Castro, Parana, Brazil. 

8ac;coplo(‘a strioarja, sp. n. (PI. 111. fig. 25.) 

Male. — Palpi, legs, head, and antennee rufous brown ; body 
light brown. Fore wings light brown striated with purplish 
llrown ; some white strigulce on basal area ; inner half of wing 
darker browui ; a ferruginous-brown anteme<lial line oblique from 
costal to cell, where it makes a rounded right angle and then runs 
straight to one-third on inner margin ; postmedial line oblique 
from costa to vein 7, thence stiaight to middle of inner margin ; 
cilia concolorous. Hind wings light brown, less heavily striated ; 
the basal area darker than the rest of the wing ; costal area white 
excepting at apex; antemedial and medhil lines from inner 
margin to subcostal nervure, the medial being in continuation of 
postmedial of fore wing. 

Expanse 27 mm. 

Hah. Castro, Parand, Brazil. 
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Nedusia castra, sp. n. (PI. 111. fig. 26.) 

Male. — Palpi and Irons purplish brown; legs light fuscous 
brown; vertex of head and an tennie brown ; patagia light brown ; 
thorax and abdomen purplish brown, the anal tuft golden bufi*. 
Fore wings light brown suffused, stiiated, and irrorated with 
fuscous brown ; a dark wavy medial line strongly excurved 
through the end of the cell, slightly bent inwards from cell to 
siibniedian fold, angled outwards on submedian fold and inwards 
on vein 1, some white before it in the cell; postmedial line wavy, 
dark ferruginous V>rown, slightly incurved from costa to vein 8, 
excurved from 8 to 2, then bent outwards and downwai’ds to 
inner margin ; terminal area lighter than rest of wing, suffused 
with darker from inner mai'gin to vein 4 ; a curved subterminal 
dark streak between 4 and 7 followed by ferruginous ; a dark 
point between 7 and 8; cilia dark. Hind wings light brown 
suffused witli fuscous brown ; the lines dark, parallel, angled out- 
wards above median nervure, the inner preceded and the outer 
followed by white; medial area dark fuscous brown; cilia dark. 

Expanse 28 mm. 

Hah. Ca*stro, Parand, Brazil. 

Alaplena, gen. nov. 

Proboscis short ; palpi slightly upturned, evenly scaled, third 
joint moderate ; frons smooth ; eyes large, round ; antennaj of 
male simple; tho^’ax clothed with scales; patagia terminating in 
hairs and long spatulate scales ; legs smoothly clothed with 
scales; sj)urs moderate, the outer three-fourtbs of inner; 
abdomen smooth. Fore wings triangular ; costa sliglitly arebed 
at base and hollowed at middle; apex rounded ; tejinen straight; 
inner maigin slightly excavated befojo torn us ; a small fovea, 
below vein 1 c, distorting it and the median neiwure, vein 1 c 
becoming obsolete before origin of vein 2; vein 2 from tiear end 
of cell ; veins 3 and 4 separate fi om lowei* angh‘ of cell ; vein 5 
from just above middle of discoctdlulars ; veins 6 and 7 from 
upper angle; veins 8-9 and 10-11 stalked from cell. Hind 
wings; costa highly arched; apex square; termen nearly 
straight ; inner margin folded over on the underside, the fold 
fi’inged with long spatulate hair-like scales ; on the terminal area 
of the upper side the scales are raised and minute; the median 
nervure, submedian veins, and discocellulars aborted, the only 
veins remaining being 6, 7, and 8; 6 and 7 from subcostal ner- 
vure at middle of wing; vein 8 approaches subcostal only at base, 
where it bends violently towards costa and arched to costa. 

Type, A. castraria, 

Alaplena castraria, sp. n. (PI. III. fig. 27.) 

Male. — Palpi and frons dark rufous brown ; legs light brown ; 
vertex of head white ; antennae shaft white ; tegiilae, patagia, ancl 
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thorax dark rufous brown ; abdomen lighter brown. Fore wings 
light brown suffused and striated with fuscous; a medial fer- 
ruginous brown line outwardly shaded with fuscous, straight 
from inner margin to lower angle of cell, then bent to disco- 
cellulars ; a whitish spot in the end of the cell ; postmedial line 
sinuous, ferruginous brown inwardly shaded with fuscous, ex- 
curved from costa to vein 3, incurved from 3 to 1, followed by 
broad diffused whitish band ; a fuscous-brown subterminal line 
from apex to vein 3, broad at apex, narrowing to vein 3 and 
broken at the veins, a narrow whitish shade on inner side; 
terminal area broadly grey; termen dark; cilia ferruginous. 
Hind wings light brown suffused with dark ferruginous on basal 
half above inner margin ; terminal area brownish grey ; a fer- 
ruginous brown antemedial line from costa to subcostal nei vure ; 
a medial line straight from before middle of costa to just beyond 
origin of vein 7, incurved below 7 ; obscure traces of a fine post- 
medial line. 

Expanse 24 mm. 

Uah* Castro, Parand, Brazil. 

Fam. Lasiogampid/E. 

Artace regalis, sp. n. (PL I. fig. 12.) 

Male, — Pure white. Palpi outwardly black, inwardly white; fore 
tibiae and ttirsi black, ringed with white ; antennoe rufous brown. 
Fore wings : subbasal black spots at origin of vein 2 and below 
costa; antemedial line of black spots on veins 1-2, on median 
nervure at origin of vein 3, subcostal nervure, vein 11, and costa ; 
a black point on the angles of the cell ; a postmedial line of spots 
from middle of inner margin nearly straight to vein 8, where it 
bends inwards to costa; a subterminal line of more elongated 
spots slightly incurved from inner margin to vein 3, thence ex- 
curved to vein 10, the spot on costa distally displaced ; a sub- 
apical row of rather obscure spots above veins 6-8 ; a terminal 
row of black spots on the interspaces ; cilia white. Hind wings 
pure white. 

Female similar. 

Expanse : male 43 mm., female 70 mm. 

Hah, Castro, Parand ; Alto da Serm, Santos. 

Fam. PEROPUORin.E. 

Pkrophora thbrmesxa, sp. n. (PI. I. fig. 11.) 

Male, — Palpi dark brown, rufous beneath ; legs brown suffused 
with rufous and irrorated with lilacino white scales tipped with 
black; frons anteriorly brown, posteriorly rufous; vertex and 
antennaj reddish brown ; tegufe pale reddish brown with a few 
black irrorations; thorax light brown suffused with lilacine; 
abdomen light yellowish brown. Fore wings lilacine irromted 
with white scales tipped with black ; costa light brown, becoming 



354 


MR« B. DUKINFIELD JOKBS OK 


darker before apex ; a very wavy antemedial line followed by 
light brown suftusion on medial area ; a dark brown jKJstmedial 
line exciirved between costa and vein 8, and abruptly angled out- 
wards below 8, thence stiaight to inner margin at two-thirds 
from base, followed by narrow lilacine and a brown sutlusion, 
which is conduent with a dark subterminal shade from discal 
fold to toruus, a red suffusion beyond the line below apex ; two 
square brown spots on costa at one-third and two-thirds ; termen 
dark brown ; cilia tipped with lilacine : a minute hyaline spot at 
end of cell. Hind wings ochreous lilacine, deeply suffused with 
reddish brown, the veins on outer half suffused with red ; a dark 
medial line exciuved from costa to vein 2, thence straight to 
inner margin, followed by light shade; a diffused dark sub- 
terminal shade ; a minute hyaline spot at end of cell ; termen 
])rown ; cilia lilacine. Underside : fore wdngs heavily suffused 
with reddisli hrowu ; a dark somewhat diffused postmedial line, 
oblique from costa to l)elow vein 8, where it is angled outwards, 
straight to 5, then wavy to inner margin; a red subterminal 
space from 4 to 8 ; the veins beyond the cell slightly suffused 
with red. Hind wings less heavily suffused ; a slight red suf- 
fusion beyond upper angle of cell ; a dark diffused wavy post- 
medial line. 

Expanse 41 mm. 

Hah, Alto da Serra, Santos. 

Earn. Megalop YG in^. 

CaRAMA INCOLORATA, sp, 11. (PI. 1, fig. 2.) 

Male, — Grey ; palpi, logs, head, and thorax suffused witli light 
bro\vn ; antenufe light yellowish brown : abdomen grey ringed 
with yellowish. Wings satiny grey, rather darker at costa. 

Expanse 31 mm. 

Hah, Castro, ParaiiA, Brazil. 

Narope ctnqulata, sp. n. (PI. 1. fig. 1.) 

Mule, — Palpi and pectus black ; fore legs black with white 
hairs, mid- and hind-legs white, the tarsi fuscous with white 
scales on upper side ; head very pale primrose yellow ; antenme 
tawny, the shaft white ; thorax pure white ; abdomen white 
with a broad band of orange on each segment. P’ore wings pure 
glossy white ; costa narrowly ochreous ; antemedial, medial, and 
postmedial depressions and ridges. Hind wings pure white. 

Expanse 30 mm. 

Uah, Alto da Serra, Santos. 

Fam, Thyrididas. 

Riiodoneura oxydata, sp. n. (PI. I. fig. 19.) 

Male, — Palpi light reddish brown, third joint dark ; legs 
ochreou?, the fore pair suffused with fuscous; head and antennaj 
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light reddish brown ; tegulse fuscous brown ; patagia anteriorly 
dark, posteriorly light brown ; thorax dark brown ; abdomen 
dark brown, the first segment and a dorsal line on segments 3 >5 
ochreous ; anal tuft oohi eous ; ventral surface ochreous with dark 
central suffusion. Fore wings light brown striated with silvery- 
blue strigula;; a series of inverted V-shaped marks on costa ; a 
broad reddish medial shade from near tornus to upper angle of 
cell, with dark suffusion at end of cell ; discocelluhirs circled with 
silvery blue ; a blue circle l>etween veins 2 and 3 at lower angle 
of cell ; two small silvery-buff spots beyond the medial shade 
l>etweon veins 5 and 6 ; a large spot of the same colour and 
crossed by brown bar and striations from 5-7 and two 
triangular spots below 5 ; a large silvery-buff spot above tornus 
and some small ones on tormen and inner margin ; a suhterminal 
series of silvery-blue spots below veins 4, 6, 7, and 8 ; cilia brown. 
Hind wings silvery buff betivily suffused wutb brown and striated 
with silvery blue ; a reddish medial shade most conspicuous 
al>ove vein 1 ; a golden suffusion on the snbineilian fold contain- 
ing a black spot and some black {)oiuts l>eyond ; some subteiminal 
black points below the fold ; apical area dark brown. 

Expanse 25 mm. 

Hah, Alto da Serra., Santos. 

Fam. PYRALIDA2. 

PoLVaUAMMOOES EXIMIA, Sp. lU (Pb I. fig. 6.) 

Female, — Palpi: 1st joint white, 2nd and 3rd black; legs 
white, the fore tibiae tinged witli purple and ending in black ; 
tiii'si I'inged with black ; frons white with black at sides ; head 
and antenna' white ; tegulae white W'ith large chocolate central 
spot ; thorax white ith large posterior <lorsal and two subdorsal 
chocolate spots ; pataghi white with central chocolate spot ; 
abdomen white with transverse chocolate bauds and shoi-t lateml 
tmnsverse streaks on segments 2, 4, 5, and 6, segment 7 orange, 
anal tuft white. Wings white. Fore wings: a large basal 
chocolate spot; three subbastil spots on costa, in cell, and on 
inner margin ; an antemedial chocolate band, broader on costa 
and angled outwainls on median iiervure, followed by spot in cell ; 
a medial serie.s of three bars, one on discocell ulars, one below 
vein 2 to submedian fold and one from vein 1 to inner margin ; 
a postmedial bar from costa to vein 5 and series of elongated 
spots between the veins ; a subterminal series of elongated spots 
from below vein 8 to inner margin, confluent with postmedial 
series between 1 and 2 and approximate between 3 and 5 ; a 
terminal orange band expanding below vein 2 and broad at apex ; 
an orange shade beyond lower angle of cell; cilia white, black at 
the veins. Hind wings : a medial series of four chocolate spots ; 
a postmedial seri^ of spots above veins 2-6; a subterminal 
series of elongated spots; a terminal orange band, expanding 
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below vein 2 and at apex ; a slight oi’ango shade beyond lower 
angle of cell. 

Expanse 37 mm. 

Hah. Alto da Sena, Santos. 

Fain. Z y G iE N 1 1) AC. 

HARRISINA MEPIIISTO, Sp. 11. 

Male . — Black with purple, blue, and green reflection ; teguhe 
red ; red lateral patches at base of abdomen almost meeting on 
dorsum. 

Expanse 28 mm. 

Uah. Alto (la Serra, Santos. 


EXPLANATION 

V\,K 

1. Narope eingulata. ^ . 

2. Carama incolorata. ^ . 

3. Brifocodia paulina. 

4. Tarache parana. $ . 

6 . „ „ 

6. "Bolggrammodes eximia. . 

7, Aplogompha gaponaria. S* 

H. „ fumaria. $ , 

9. „ Hfitinaria, 

10. Jiosema pallida, 'i . 

W. Perophora thermesia (J . 

12. Artace reyalis, ? , 


1. Boarmia nigraria. . 

2 . Ifgmenomima sinuosariji. S- 

3. ,, M V . 

4. ,, nivacaria. (^ . 

o. Larentiopsis cosiiplaga. 

6. jRhodomena santaria. ? . 

7. „ paularia. ^ . 

B. Metasiopsis proutaria. 

9. Tetragonode9 geminaria. ^ . 

10. Polla acutaria. ? . 

11. Numia ttrigularia. cJ. 

12. Oxydia palUdaria. J. 
Azeliuahaneharia. 


1. Eupithecia mauvaria. ^ . 

2. aquanivaria. ^ . 

3. Anizodes bisaria. S • 



paranaria. 


6. „ 

Carolina. S 


6. „ 

japaria. ^ 


7. „ 

antennaria. 


B. 

vigoraria. 

?. 


9, Eupithecia euprearia. <?. 

10. McBmalia mantaHa. 

11. „ magituria. $ . 

\9. EoUlutearia. 

18. Ptychopoda torminaria. ? . 
14. „ dzUeataria. i. 


l)F T’HE PLATES. 

TE I. 

¥vr. 

13. Bvheza irroraia. V . 

14. Acanthodicn frigida. ^ . 
lo. Moresn moiux. ^ . 

16. Phurgs/axciata. 

17. Mictochroa paulata. . 

18. „ pallidula. V . 

19. Jihodonvura oxi/dafa, (j. 

20. Mvrorausfa felutaria. V- 

21. Aplogomphaeasfi'avia. i. 

-2. liagodares castra. ^ . 

2.3. Ophfhalmophora coliunbana. V. 

Plate JI. 

14. Azelina cetana, 

15. Call lira pterg.r pauhina. 

16. Vratoptzra fen^ntraria. 

17. Apicia ge minima ciila. . 

18. Trotagonia vastraria. 

10. Tsochromodes elegantaria V . 

20. k^aracnmiztis tnstaria, 

21. (Jampatonema marginata. 

22. Nephodia honitaria, ^4 • 

23. „ paularuL. 

24. Apicia strigularia. <J. 

26. JJgpolepift hella. ^ . 

26. Eariodes Jlavicilia. <J. 

Plate III. 

16. Vtgchopoda campinaria. 9 . 

16. „ lilacaria. 

. 17. Ilyria gemmaria. 9 • 

18. Bzaliodes aurantaria. 9 • 

19. UyriogoTta santaria. $. 

20. „ wontaria. 

21. Oospila altonaria. $. 

1 22. Tachychlora flora. 

23. Epiplema ornata, 9 ♦ 

24. „ reotangularia. 9 • 

26. Saoeoploca strigaria. ^ . 

29. Eeduaia eastra. 

I 27. Alaplena eastraria. 
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11). On some new or little-known Acari, mostly Parasitic 
in Habit. By Stanley Hirst, F.Z.S. 

(Submitted for Publicjition by permission of the Trustees of the British Museum.) 
[Received January 18, 1921: Rend Aprils, 1921.] 

(Text-figures 1-15.) 

The present note deals with a miscellaneous senes of Mites 
from various localities, including a number of new Gamasid 
mites found by Mr. James Waterston in the nasal cavities of 
Scottish binls, also several new ectoparasites from various sources. 
Demodex is recorded from several new hosts, viz., deer, long-eai'ed 
bat, mole, and water-rat, three of the species being regarded as 
new. An interesting pseudoparasite of flies is also described, 
and a new English jumping-mite (Speleorchestes). 

Text-figures 1-7 were drawn by Mr. E. J. Engel Terzi, nos. 8-15 
l)y Mr. Percy Highley. 

Family G A m A s i n iE. 

lluiNoxYssus cALEOoNicirs, sp. n, (Text-fig. L) 

$ • Abdomen nob elongated. Hairs on venter mostly only 
slightly thicken(?d at the base, the posterior ones situated just in 
front of the anus are not dentiform, and there is only one pair 
in this position. Genito- ventral plate shorter and wider than in 
li. neglectm and /f. water stoni. Legs of modei’ate length, those of 
the first pair appa rently sometimes longer than the others. Legs 
furnished with spinules, but they are minute. Claws of first leg 
with a distinct short process or denticle dorsally. 

Length ‘92-1*01 mm. 

Habitat, Nasal cavities of Uria grylle (Black Guillemot), North 
Mavine, Mainland, »ShetIand Islands: Gluss Voe (25, ii. 1912), 
and GIuss Point (17, x, 1912), and Voe, Mainland, Shetland 
(2. iii. 1912). Specimens collected by James Waterston. 

Khinonyssus levinseni Tragi-rdh. 

tiommatericola levimeni TriigSrdb, Monogi'aph arktisch. A car. 
in Rdmer and Schaudinn's Fauna Arotica, 1905, iv. pp. 28-30, 
text-figs. 42-47, also pi, i. figs. 1, 3, and 8. 

TriigJrdh^s genus Somynatericola must, I think, be regarded as 
a synonym of Rhinonyasm Trouessart. His species Sommateri- 
cola ssa Rhinonyssii^ levinseni (from nasal cavities of Sommateria 
rnoUissima) seems from his dtescription to be closely allied to R, 
scoticust but he depicts more spinules round the anus than are 
present in tliat species, and also shows the lateral spines on the 
palp as much stronger than in R, watersioni. 



TMttZi-J 



JRAinouyssus ca/ofJouicufi, &p. ii., . Vcntrul viovr* 


Text-figuri' 2. 



Hkinonysifts ivateratoni, «p. n., 9 . Ventral view. 
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Rhinonyssus waterstoni, sp. n. (Text-fig, 2.) 

$ * Abdomen not elongated. Very minute spinules are present 
on the mnter in this species, instead of the hairs that are present 
in R. caledonicm, Capitulum short ; segments of palp very 
short, being very much wider than long; tarsal segment very 
small, the conical tubercle on it well developed. Legs not very 
long, the first pair apparently slightly shorter than the fourth. 
Coxse with very short spinules or hairlets instead of the fairly 
long hairs present in R, caledonieus. Spines on legs much weaker 
tlian in R, neglsotm. Claw of first leg apparently without any 
dorsal process. 

Length ’96 mm. 

Ilabitat. Nasal cavities of the Razorbill {Alca torda), Ollaberry, 
North Mavine, Hhetland Islands. Specimens collected by James 
Waterstoii (15. xii. 1913). 


Rhinonyssus eoiiintpbs, sp. n. (var. of R, neglectuaVj. (Text- 
figs. 3 k 4.) 

5 . Ahdonven not very elongated in the female sex. There are 
three pair’s of minute ileriticles or tuber*cles anteriorly on the 
venter, lUie three pairs of denticles in front of the anus are 
much smaller and weaker than in R, neglectus, Capitulum 
apparently shorter than in R, negUctus, Segments of the palp 
also shorter ; the minute conical tubercle on the tarsus is un- 
usually large in this .species. Legs, Denticles on posterior coxse 
weaker than in R. neglectus or replaced by hairs with a somewhat 
tliickenod base; tlie other segments of the legs furnished with 
numerous strong denticles as in R, mglectus, 

d . Abdomen apparently more elongated (conical) than in the 
female. 

Lengthy S 1*36 nun., 5 1*36 mm. 

Hahiiat, Nasal cavities of Ringed Plover (uEgkditis hiatkola), 
Queyfirth, North Mavine, J^hetland Islands (5.’ i. 1914). Speci- 
mens collected by James Waterston. 


Riiinonyssus neglectus, sp, n. (Text-fig, 5.) 

? . Abdomen not elongated. Three pairs of strong but short 
spinules are present anteriorly on the venter^ and three pairs of 
very strong spinules (grouped closely together) are placed imme- 
diately in front of the anal aperture. Capitulum unusually 
elongated. Palpi with the segments more slender than in R, 
echinipee. Legs, First and fourth pairs of legs rather long, being 
considerably longer than the second and third pairs. Denticles 
on legs much stronger than in R, caledoniem and R, wwtorstoni. 

Length 1*36 mm. 

Uabitat, Nasal cavities of Tringa striata (Purple Sandpiper), 



Mkinonys&tu tehinvpes^ sp. n., 9 . Ventral Tiew. 'Rkinonjfssus echinipes, sp. n., . Ventral view. 



Text-figure 3, Text-figure 4- 
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Yell Sound, Ollaberry, North Maviue, Shetland Islands ; Little 
Roe Island (13. ii. 1913). Specimens collected by James 
Waterston, 

Text-figure 5. 



Fhinon^ssuf nrghi'ius, f»p. ii., 9 • Ventr«l vk*w. 


llniNONyssus coNiVEN'rRis Trouessart. (Text-figs. 6 & 7.) 

2 . Abdomen elongated (conical). Anterior spinules on imiter 
similar to those present in R, rngUctuSy etc. There is also a pair 
of spiiiulas situated not far behind the gen ito- ventral plato and 
two pairs of minute spinules or tubercles near the anal orifice. 
Legs. Last paii* of legs greatly enlarged and furnished with very 
strong spinules. 

. Fourth leg about as long as the first and not much stouter. 

Ijevgthy 2 ,145 min. 

Habitat. Nasal cavities of the Turnstone (Strepsilas interpres ) ; 
North Roe. Mainland, Shetland, Specimens collected by James 
Waterston (27. ii. 1911). 
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Text-figure fi. 



lihinmij/asm voniventrisy , Ventral v low. 


Lxponysstts berlesei, sp. n. (Text-figs. 8 k 0.) 

2 . Bod^ fairly long oval, .and sometimes slightly constricted 
near the middle (behind the last pair of legs) ; the abdomen is 
sometimes rather swollen, and may exceed the width of the 
anterior part of the body ; posterior end with a slight notch. 
Dorsal shield wide anteriorly, but narrowed and coming to a 
point posteriorly. There are some quite sliort hairs on the 
scutum, chiefly placed near the margin, and also a few very 
minute and inconspicuous hairs in the middle of its surface. 
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lViinoui/.s$t(s conivcntriSi J. Wntrnl view. 

Hnirs on uncovered part of dorsum not very numerous, and 
mostly shorter than those on the venter. Sternal plate wider 
than long and with three pairs of long hairs, its anterior margin 
is not well defined, being continued forwards by transverse linear 
markings that reach the front end of the bocly^ Genito-ventral 
plate short, of moderate width, and the posterior end is blunt 
(not pointed). Anal plate of the usual pyriform shape, but more 
elongated than usual. Feriireme reaching forwards almost to the 
level of the middle of the coxa of the first leg. Lege normal in 
appearance, being of moderate length. Second coxa with a long, 
sharp anterior spine and a very slight rounded spur posteriorly. 
Third coxa posteriorly with a sharp, well- developed inner spur, 
and an inconspicuous outer denticle. Tarsus of second leg with a 
pair of short pointed denticles at the end. The haii*s on the legs 
are shown too strong (spiniform) in the figures of this species. 
They are more hair-like, 

Lmgth (including capitulum) 'ST-'QO, width •36~’44 mm. 

ffahitat. Parasitic on Mgospaiax Boansus, Shensi, North China ; 
several specimens collected by Capt* H. E. M. Douglas (24. xi. 
1908). 

Proc. Zool, Soc, — 1921, No. XXV, 
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TApoi^2f9SU» herlesi, sp. n., ? . Dorsal view. Liponytsus herlesi, sp. n., 9 . Ventral view. 



Text-figure 8. Text-figure 9. 
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Lipontssus SERPENTiuM Hirst* 

This species was described from examples found on a Gouper’s 
Snake at the Society’s Gardens. ‘ I have examined some additional 
specimens from the Horned Viper (Ftpera cerastes)^ also from 
our Gardens. The first-named host is a Mexican species, whilst 
the latter is a North African form. This mite has also been 
found on snakes that have died at the Bronx Zoological Park, 
N.Y. It is believed that this parasite was introduced with the 
Malayan Python (Python retimlaim\ and, whilst it does not 
harm that host, may leave it and attack American snakes of any 
kind, giving rise to a kind of blister or eruption under the edge 
of the scale, causing death. According to Mr. Ditmars, several 
snakes have been lost from this cause. The above details, relating 
to the American case, are taken from Mr, P. S. Falshaw’s letter 
accompanying the specimens. 

lApmysmB aerpentium is easily distinguished from the allied 
L, natricia by the presence of two dorsal shields instead of only 
one. The gen i to- ventral plate is ornamented w^h longitudinal 
linear markings, as in L. natricia. 


Liponyssus ababicus, sp. n. 

5 . There are two plates on the doraum in this species, the 
jKjsterior being very minute and oval as in Z. aerpentium mihi, 
but the anterior one is long and wedged -shaped, reaching far 
liackwards, and only separated from the minute posterior plate 
by a comparatively short space (whereas in Z. aerpentium the two 
plates aie widely separated from one another). Anterior plate 
furnished with a number of hairs. The minute posterior plate 
does not bear any hairs. Hairs of body lacking minute off-shoot 
present in Z. hacoti mihi. The minute platelets present between 
the main shields in L, aerpentium appear to be absent in the 
new species. Besides the usual fine striations of the integument, 
there are a number of fairly long, but very fine chitinotis (?) 
linear markings, especially numerous at the sides of the body. 
Venter, Sternal shield trapezoidal in shape, and with two pairs 
of hairs on its surface. Genito-ventral shield long and narrow. 
Anal plate pear-shaped ; the paired hairs on it shorter than the 
unpaired one. Leya. Coxfe without spurs; the other segments 
with the usual fairly stiff haiiB, but without any strong spines. 

Length *73 mm. 

Habitat. A single specimen from a Mfjnvd (Agama adramitana) ; 
Ad Dthala, Upper Hushabi, South Arabia. 

Liponyssus bubsa Berlese. 

During a recent visit to the Natural History Museum, Mr. M, 
Koidzumi brought me two specimens of a mite found on a 
Chinese patient at Hoko T6 Island, Formosa. Tliey are referable 
to the tropical fowl-mite (Liptmyaaua huraa Berlese). 
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Family LiSTEorno 

Listeophorus prontaus, sp. n, (Text- fig, 10 A & B.) 

cJ . l>:)rsal (frontal) process of capitulum much more stit)ngly 
salient than in Z, argmtinus^ being fairly long and conical (text- 
fig. 10 A). Abdominal lobes rather shorter than in Z. arg$ntinu9^ 
and somewhat diflferently shaped (text-fig. 10 B). 

9 . Process of capitulum similar to that in the male. 

Lengthy 330-345 /x, J 365 /x. 

Uahitat, Parasitic on the rodent Orixomys delticola^ from Isla 
Ella del Delta, Parana. 

Text-figure 10. 



x> 


A. Anterior end of TAstrophorm frontalis, U. Posttn’ior end of abdomen of male of 
the Rame species, C, Axdevior end oi JAstrophorus arpentinu a. I). Posterior 
end of abdomen of male of this mite. 




Listrophorus argentinus, sp. 11 . (Text-fig. 10 C & D.) 

(S . Dorsal (frontal ) process wider than long and rounded in 
outline (text-fig, 10 C), Abdominal lobes ending in a delicate, 
almost truncate process, the posterior edge being, however, 
slightly oblique; the gap between the two lobes long and 
narrow (text-fig. 10 D). 

9 . Capitulum of female very like that of the male. 

Length, 6 345-360 /x, 9 415-450 /x. 

Habitat, Argentina; on rodent {Scapteromy 9 toinentosvs), 

Tricuceciur brevipes Can. & Trt. 

According to Canestrini and Kramer in * Das Tierreich * (Sar- 
coptidttj, etc.), this interesting little Listrophorid mite has only 
been found in Thessaly, and I cannot find a later reference to the 
species. As a matter of fact, it is not uncommon on English 
I’odents. I have collected numerous specimens off Evotomy^ 
glaredna hritarmi^ at Exeter, and off Microtm agreatis at 
Barnes, Surrey, 
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Family BbmooiciduE. 

Dbmobex OHiRORTKRALis, sp, Ti. (Text-fig. U A, B A 0.) 

2 ^ This species differs from the small form of Deniodex 
{D, $oricinus) sometimes present in the skin of the long-eared 
bat in its much larger size and stronger legs, the latter being 

Text-figure 11. 
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elongated. Body wide, the abdomen pointed posteriorly. (Both 
my specimens of this species are slightly damaged, and it is diifi- 
cult to give the exact proportions.) Capitulum apparently 
without any dorsal tnbercle or spinule; it is rather like ^at of a 
nymph in some respects. 

Measurements* Total length 229 fi, length of cephaIothorax+ 
capitulum 114-115 /i, of abdomen 115 /a?; greatest width of 
cephalothorax 59-61 /i, of abdomen ?. 

Most. Long-eared bat {Plecotm anritm); two specimens col- 
lected by the author (October 21st, 1919). 

Demooex soricinus Hirst. 

$ . 1 have found several specimens of a small form of Demodex 
in the skin of long-eared bats, which is very similar to that 
found in rats and shrew-mice described under the name soricinus. 
The capitulum in these specimens from bats is apparently without 
any dorsal tubercle or spinule. The body is somewhat differently 
shaped, the posterior end of the abdomen being blunt (almost 
rounded), instead of pointed as in typical specimens of the 
species. Capitulum considei*nb1y wider than long. Abdomen a 
little shorter than cephalothorax -b capitulum ; body a little more 
than three times as long as its width. 

Measurements, Total length 111-128 /i; length of cephalo- 
thorax -f- capitulum 63-75 /i, length of abdomen 52-53 //, width 
of cephalothorax 33-38 width of abdomen 33-36 /u, of capitulum 
18-23 length of capitulum 13-19 p. 

Material, Several specimens from live long-eared bats (Plecotus 
aitxitus), collected by the author, October 1919. 

Demodex gliricolens, sp. n. (var. of D, amncolce ?). (Text- 
fig. 12.) 

c? . Body varying rather considerably in shape. One specimen 
is rather narrow and elongated, and about live times as long as 
wide. Abdomen of this example distinctly longer than the 
cephalothorax -f capitulum. Capitulum mther narrow and fairly 
elongated (about as long as wide). 

Another specimen is much shorter and comparatively wide, 
being about three times the width of the cephalothorax. The 
abdomen is slightly shorter than the united length of cephalo- 
thorax and capitulum. Capitulum of this specimen rather wide, 
being wider than long. 

Posterior end of abdomen rounded off in this species. Spinule 
on dorsal surface of capitulum smaller and more slender than is 
usually the case in D, arvicolce. 

Genital opening of male situated on the dorsal surface above 
the interval between the first and second pairs of legs, in this 
respect resembling /). erminem ; the opening is, however, veiy 
simple, consisting merely of a curved line. 

Measurements, Slender example. Total length 144 /x, length 
of cephalothorax -fcjipitulutn 70 /x, of abdomen 74 /x, greatest 





370 


IIH. HIRST ON 


width of cephalothomx 29 of abdomen 30 length of 
capital um 18 its width 17 The short wide form measures 
as follows : — Total length 103 length of cephalothorax-f 
capitulum 56 At,^f abdomen 47 fi, greatest width of cephalot.horax 
35 //, of abdomen 36 length of ciipitulum 15 //, its width 15 fi. 

Host, Water-rat {Arvicola arnj^hihius) two male specimens 
collected by the author from freshly-killed examples of this 
mammal (July 1919). 

Text-figure 13. 



Demode j: taljxe, 

A. Dorsal view of female. B. Ventral view of male. C. Penis greatly enlarged. 

Note , — ^The sexual orifice of the male is rmlly dorsal in position and 
the penis situated in tho median lino. 

Dehouex TAhTX, sp. n. (Text'fig. 13.) 

5 . Body about four times as long ns the width of tlie ceplialo- 
thorax. Cephalothomx usually rather narrow in front, becoming 
a little wider posteriorly. TJiere is a well-defined longitudinal 
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groove runuijjg down the middle of the cephalothorax, which 
always seems to be present,, and is the chief distingiiishing 
feature of the species. This groove is limited laterally by a 
rather sharp line, which sometimes has the appearance of being 
double (owing to the depth of the groove). Abdomen sometimes 
with the sides slightly convex, and it is then distinctly wider 
than the -cephalothorax, in other specimens the abdomen is of 
fairly uniform width throughout its length ; it is a little longer 
than the cephalothorax. Capitulum fairly elongated, but still 
it is slightly wider tlian long. Spinule on its dorsal surface 
flattened in much the same way as in D, arvicohe, and pointed 
dtstally (internally), the outer angle distinct. The spinule is 
fairly thick, for under very high magniflcation a distinct posterior 
edge can be seen ; it is fairly large and wide as compared with 
the size of the capitulum. One of the little claws or denticles on 
the ventral surface of the terminal segment of the palp is much 
longer than the others. 

S . Male very like the female in general appearance and with 
the dorsal groove well-developed. Body about four times as long 
as width of cephalothorax, the abdomen being longer than the 
cephalothorax -f capitulum. Male sexual oriflce situated on the 
dorsal surface above the interval between the second and third 
pairs of legs. Penis quite long and slender. 

Measurements^ $ . Total length 128-130 /a ; length of cephalo- 
thorax -f capitulum 59-62 ft, of abdomen 68-74 ; greatest 

width of cephalothorax 31-34 /a, of abdomen 34-41 /a ; length of 
capitulum 15-19 /a, its width 19-20 /a. . Total length 126 ft; 

length of cephalothorax -f- capitulum 54 ft, of abdomen 72 ft, of 
penis 22 /a ; greatest width of cephalothorax 30-33 ft, of abdomen 
37 ft ; gre.atest width of capitulum 21 /a, its length 16 ft. 

Material, Several specimens obtained by the author from 
freshly-killed moles (I'alpa europcsa); May 1919. 

Demodex Bovis Stiles. 

I have examined specimens apparently referable to this species 
collected by Dr. E. Brumpt from deer. The material consists of 
a small piece of skin, preserved in spirit, containing a number 
of pustules filled with whitish matter and numerous parasites in 
all stages of development. The material is not very well pre- 
served. The following is a description of the adult specimens : — 
$ . Shape very like typical examples of D, hovis^ the body is from 
a little more than thi*ee times to about three and a half times as 
long as the cephalothoracic width. Abdomen not quite so shai'ply 
pointed as in typical specimens of i>. bovis ; it is nearly alway s 
distinctly longer (sometimes considembly longer) than the 
cephalothorax+cnpitulum, but occasionally only about the same 
length. Capitulum wider than long. Spinule on its dorsal sur- 
face moderately long and distinctly bent or angular near the 
distal end. 



M . STA»L£¥ HIHSt OK 

S • Male sexual orifice situated well forward on the cephalo- 
thorax above the first pair of legs ; the minute lobes, etc., round 
it are exactly as in specimens from cattle. Males are very rare 
in the slides mounted from the material, and the measurements of 
the male sex given below are based on very few examples. 

Measurements. $ . Total length 180-238 fi ; length of cephalo- 
thorax+capitulum 90-101 /a, of abdomen 90-143 gimtest 
width of cepbalothorax 58-65 fi (rarely 70), of abdomen 53-60 ft. 
d. Total length 199 /u; length of cepbalothorax -fcapituluin 
79 ft, of abdomen 120 ft ; greatest width of cephalothorax 61 ft, 
of abdomen 64 ft. 

Host MateriA-l from a deer (species?) at Chantilly, France 
(Dr. E, Brumpt). 

Demodex melesinus Hirst. (Text-6g. 1 1 D E.) 

The Demodex of the badger is of unusual interest, for of nil the 
known forms it most closely resembles that present in man (/>. 
foUicidorum), but is smaller in size and has the capitulum more 
elongated. 

Demodex canis var. erinacei Hirst. 

Since writing my paper on Demodex, 1 have obtained a number 
of specimens of this variety from the head of a hedgehog caught 
by the Museum taxidermist (Mr. A. H. Bishop) at Dymchurch, 
Kent (3. viii. 1919). They are elongated specimens, agreeing 
faiHy well with those on which my description was based. These 
additional examples measure as follows : — $ . 312-370 ft (a largo 
bent example of this sex probably measures about 400 fi). 
6. 232-292 fi. 


Family Trombidiid.e. 

Tetranycopsis horrida C. & F. 

This “ Red Spider’’ has not been recorded from England. 1 
have seen an example collected by Mr. K. G. Blair, on liazels at 
Shoreham, Kent, and during an excursion to that locality I 
obtained another specimen myself. The species, apparently, is 
not very abundant, even where it occurs. Numerous specimens 
of the lime-tree mite {Tetranychus tiliarimn) occurred on the 
hazels in this locality. 


Genus Psorergatbs. 

In some details of structure, the immature stages of the mites 
of the genus Psorergates resemble those of the genus Demodex, 
For instance, the feet of the larval and nymphal stages are in- 
complete, consisting of an epimeron, shaped almost exactly as in 
Demodex, both its ends being angular and supporting a roughly 
circular djisc-shaped segment, bearing processes or claws fur« 
nished with denticles of a similar type to those present in the 
immature stages of Demodex. In spite of the difierence in shape 



NEW OE UmB-ENOWN ACAKl. 373 

and general appearance, it seems probable that the genera 
Psorergates and Deinodex are related to one another. 

Spelbojwthkstes ventriosus, sp. n. 

$ . This new saltatorial mite differs from 8, poduroides, mihi 
in being much stouter in appearance ; the abdomen is especially 
wide (hence the specific name ventriosus)^ being much stouter 
than in 8. poduro^%. Ovipositor when protruded provided with 
a basal colls r-like structure or sheath as in 8. poduroides, but it 
is longer than in that species, its length exceeding the distal part 
of the ovipositor that projects beyond it (whereas in S.poduiroidea 
the collar is much shorter than the part of the onpositor that 
projects beyond it). Shape of hairs and their distribution much 
as in 8, poduroides. 

Owing to its rather squat appearance, this new species of 
Speleor^iestes somewhat resembles Nanorchestes^ but the anterior 
pert of the cephalothorax is quite separate and distinct from the 
pbsterior portion, not being enclosed by it laterally ; posterior 
part of cephalothomx much narrower than the abdomen and 
divided from it by a distinct constriction (whilst in NmwrchesteB 
the posterior part of the cephalothorax is almost as wide as the 
abdomen and only separated from it by a slight groove). 

Length (including cheliceite) 317 ft ; width of anterior (cephalic) 
part of cephalothorax 62 -67 ft * width of posterior (thoracic) pai*t 
of cephalothorax 107-1 10 ft ; width of al)domen 155-160 ft, 

flahitat. Hindhead, Surrey ; a number of specimens collected 
by the author under stones near the path running above the 
natural hollow known as “the Devil’s Punch jBowl” (just 
below Hindhead Beacon), May 1918. 

Speleorchestes ponuROiDES Hirst, 

I have added a few more measurements for comparison with 
those of 8. vmtriosus, sp n. 

Length (including clieliceree) 278-290 ft; width of anterior 
(cephalic) part of cephalothorax 58-60 /i ; width of posteidor 
(thoracic) part of cephalothorax 82-85 u ; width of abdomen 106- 
115/ i . 

Key to British Species of Saltatorial Mites (Geneiu Nanorchestes 
and 8peUorcheste$), 


Body sliort and wide ; anterior part of cephalothorax on* 

closed laterally by the posterior part Nanorehestes Tops. 

A Trouess, 

Dorsal hair on chelicera slender and divided into two 

plumose branches N. eollinus Hirst 

(Mondip Hills). 

Dorsal hair on chelicera leather short, stiff, rod-like, and 

not divided N’, amj^ihius Tops. 

(Littoral species.) 

Body more elongated ; kuterior part of cephalothorax 

free (not enelosed laterally by posterio)* part) SpeUorelmtes Trgdh. 
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Body fairly narrow ; tha part of the ovipositor projecting 


beyond the collar«iike sheath longer than the sh^h 

itself 8. poduroides Hirst 

(Malvern Hills.) 

y wider ; sheath of ovipositor longer, the part pro- 
jecting beyond the sheath shorter than the sheath 

itself • 8. venMosHS, sp, n. 

(Uindhead, Surrey.) 


Family T A ESONSMiH^fi. 

Pyomephobus tausaus, sp. n. (Text-fig. 14.) 

? Pigmephorm stercoricola Borlese, Redia, 1911, vii. p. 184. 

$ . Tarsus of first leg ending in a large conical protuberance 
situated above the claw, which is moderately developed. Striated 

Text-figure 14. 



A. Dorsal view. 11. Tarsns of first leg much enlurgwl. 

sensory (so-called olfactory) hairs on' first tarsus all slender, and 
none of them are especially large ; the distal one is not very 
long, being very slender ; the two proximal ones are placed close 
together, they are club-slmped, and one of them is longer than 
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the other (also slightly longer than the distal one)#. The remain- 
ing (second) sensory hair is prone and closely applied to the 
segment, and therefore is inconspicuous. Second tarsus with a 
single striated sensory hair dorsally near the proximal end, and 
it is comparatively stout. The pair of. tiny oval structures 
situated in front of the pseudostigmata are smaller and furtlier 

S ai*t than in P. miericanus. Pseudostigmata not rounded off 
istally (as is the case in P. spinosm and pilosus), but ending 
in a i)oint. There is only one pair of long hairs on the ceplialo- 
tiiorax (instead of three pairs as in P, americmius) ; cfich hair 
being situated just in fi*ont of, and slightly to the side of, the 
pseudostigmata. An exceedingly short and inconspicuous hair is 
also present close to each of these two long hairs. The posterior 
hair present on the cepbalothorax in P. americamts is missing in 
this species from mushrooms. Tarsus of foiu*th leg with quite 
long hairs. Hairs on body long and very slightly feathered, the 
featliering being scarcely visible even under very high magnifica- 
tion (instead of quite distinct as in P. spinoaus and P. pilosm), 
Meaauremmta, Total length 217-297 /x; width 100-1 32 p. 
Habitat, Numerous specimens from off the top-surface of culti- 
vated mushrooms; received tbixmgh the kindness of Professor 
Maxwell Lefroy. 

PYGMBPHORtjs AMERiCANUS Hanks. (Text-fig. 15.) 

Pigmeophonia americanus Banks, Treatise on Acarina, P.U.N. 
Mus. 190*1, xxviii. p. 77 y fig. 151 (figured without description). 

Pigmeophorus americanus Banl^, Proc. Ent. Soc. Washington, 
vii. p. 139 (1905). 

J . Tliis species is chiefly distinguished from the others of the 
genus by the position of the little oval structures or accessory 
stigmata*? (situated on the cephalic segment in front of the 
pseudostigmata), which are larger than usual and placed quite 
close togetlier (instead of widely apart os in P, tar salts). Another 
character is the shape of the pseudostigmata, which are not 
elongated but short and globular, lacking the slight terminal 
(apical) point present in P. tarsalis. 

Two rather long hairs are present on each side of the cephalo- 
thorax (instead of on© long hair and a very short one as in 
P. tarsalis). There is a third pair of very long hairs on the 
cepbalothorax situated just in front of the posterior margin. 

The following details of structure may also be useful : — 

Shape of body similar to that of P, tarsalis ;y some specimens 
appear to be much wider than others (as compared with their 
length), but this is perhaps merely due to the pressure of the 
cover-slip. Hairs on body distinctly plumose. First leg stouter 

^ Otidemans apparently considers these miuato paired oval structuree to be organs 
of sense (see Arch. Katurg. 79, Abt. A, 9, p. 113, 1918), but it seems to me to 
be more probable that tlmy are stigmata, for they appear to be connected with the 
respiratory traohen. 
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than in tar^xUs^ resemUing that of P. mBiims in this respect. 
Firat tarsus produced beyond and above the claw, but apparently 
not so strongly as in P. tarsaiis, 

Btriated sensory (“olfactory*^) hairs on first tarsus rather 
similar to those of P. taraalis \ they are four in number, all of 
them being more or less club-shaped ; the one situated near the 
distal end is very shoit and slender, the next is the largest, being 
rather stout, close beside it there is another slender but not veiy 
short sensory hair, the sensory hair nearest the proximal end of 
the tarsus is very short and slender. Second tarsus with a short 
but fairly stout sensory hair near the proximal end ; the claws of 
this leg are distinctly bifid. 

There is an unusually stiff bristle on the dorsal surface of the 
first leg (especially well developed in examples from Lyperoaia 
irrUana ( * Hoamatohia aei^ata)). 

Length of body 205-225 p ; width 110-140 p. 

HahitaL Pseudoparasitic on Muaca domeatica (slides in collec- 
tion of Laboratoire de Parasitologie, Paris) and Btomoxya calcitram 
(the specimen from the latter was collected by Dr. J. Burton 
Cleland, and therefore is presumably Australian in origin). Also 
numerous specimens (reddish in colour) found on an English 
specimen of Lyperoaia irritana. 

Prof. T. Harvey Johnston and M. J. Bancroft mention in their 
paper on the life-histories of Mmca auatralia (M.farguaoni) and 
M* vetuatiaaima (Proc. lioy. Soc. Queensland, 1920, xxxi. footnote 
on p. 188) that ‘‘These flies may be parasitised by larval mites, 
a red one proliably Acarna muacarmi Linn., and also a minute 
whitish species.” The latter is probably the species identified as 
P. americmua in the present note. 


Pygmbphorus amkricanus var. socotebnsis, var. jiov. 

5 , Very like the typical P, americanua in most respects, but 
with the sensory (striated) set® on the tarsi of the first and second 
legs different in shape, the largest one on the first tarsus being 
considerably elongated and cylindrical, whereas in l\ americamta 
(typical form) it is club-shaped. The sensory seta of the penul- 
timate segment of the second leg differs in a similar manner. 
The pairea oval structures situat^ near the front of the cephalo- 
thorax are placed close together as in P. americanua^ but are 
constricted in the middle (perhaps differences like this are merely 
due to the presence of air or gas in the preparation). Pseudo- 
stigmata globular as in P. americanua. There is a stiff dorsal 
bristle on the second free segment of the first leg, much as in 
P. amerkwnvs. 

Meaaurementa. Total length 210 p ; width 125 p. 

Hab. Muaca domeatica ; Socotra, A single specimen found on 
a dry example of a fly from that locality. 
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Text-figure 15. 





JPSfgmephorus americanus, $ . 

A. Dorsal view. U. Tarsus of first leg much enlarged. 

PvGMEPHORUS spiNosus Kramer. 

? . The first tarsus is very characteristic in this species, being 
much enlargei), the claw also very large and moving against a 
strong process or spine. There are four striated sensory hail's 
(the so-called olfactory hairs), a distal pair of fairly long cylin- 
drical ones being placed close together (one of them is slightly 
stouter than the other), and a proximal pair of very short rather 
club-shaped ones. Second tarsus with a single sensory hair 
dorsally, which is not very long but fairly stout, situated near 
the proximal end of the segment. Pseudostigmata rounded at the 
distal end. Hairs on body long and more distinctly feathered 
than in P. tarsalis, 

HahitaU Talpa, europcaa ; England and the Continent, 
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Pygmkphorus pilosus Oudmns. 

$. First tarsus not produced nor enlarged. The second 
striated sensory hair (from the distal end) in much larger and 
stouter than the others, the first being of moderate length and 
slender ; the two proximal sensory ludrs are quite short, one of 
them is slender but club-shaped, the other very slender, straight, 
and cylindrical. 

Second tarsus with a rather long spine in the middle of the 
dorsal surface, and with a short spine and also a short club- 
shaped sensory hair near the proximal end. Claws of this leg 
slender and not bifurcated. Pseudostigmata rounded distally 
(not pointed). Hairs of body and limbs more distinctly feathered 
than in P. tarscdia, 

Hahitat, Arvicola agrestia and England ; several 

specimens oft’ these hosts. 


Aoarapis, gen. nov. 

I propose tho new generic name Acarapis for Tarsonernns woodi 
Rennie, 1021, the principal structural diflerences between tliis 
new genus and Tarsontmus being as follows : — Anterior leg of 
larva of Acarapis well-developed and funiisbed with a pair of 
claw^s and a pul villus, but the second and third legs are very 
short (almost rudimentary) and without either claws or pulvillus. 
(In Tarsonemm the larval stage has all three pairs of legs well- 
developed and all end in claw's and pul villus.) The globular 
psendostigma always present between the first and second legs in 
the females of Tarsonemus is absent in Acarapis. Fourth leg of 
female shorter and stouter than in Taraone^nus^ and furnished 
with a larger number of hairs, resembling JScutacarus in this 
respect. 








P.Z.S. 1921. LongstafF. PI. III. 
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20, Observations on the Habits of Cochlitoma zebra, vnr. 
fttlgurata’ (Pfeiffer), and Cochlitoma zebra, var. obesa 
(Pfeiffer), in Confinement *. By Jame Longstaff, 
F.L,8., F.Q.8. 

(CmnmunicatBd by Lieiit.-Co1oii6] Baxfh Lo90tTA.FF, D.8.0,, F.Z.S,) 
[Received Januaiy 2i, 1921 : Read April 19, 1931.] 

(Plates I.-III.t) 

When visiting Cape Colony, during 1914, I obtained six 
specimens of Cochlitoinia zebra^ var. obesa^ at Humewood, Port 
iSlisabeth, on March 31st. From these I selected two examples, 
which I brought home alive in company witli a fine specimen 
of the var* fulgurata (the latter was presented to me by 
Mr. O’Connor, of the ‘‘ Woods and Forests,” who found it at 
Keiskamma Hoek, about nineteen miles' north-west pf King 
William’s Town). 

On leaving Cape Town, on April 11th, I put all three together 
in a tin box, which I opened frequently during the voyage, so as 
to feed them and allow them to crawl about. Upon arrival, on 
April 28th, I placed them in the conservatory. 

In bringing these molluscs to England I had no intention of 
breeding them, but only surmised they might be of interest for 
anatomical purposes — therefore 1 did not keep the two varieties 
separate ; and subsequently there was great mortality among the 
young through lack of preparation and inexperienee. 

Broods of original Spsmmns, 

April 29tl?, 1914. — The smaller example of var. ohssu had depo- 
sited during the night sixteen young molluscs and about thirty 
eggs ; seventeen of the latter were either broken or punctured. 

The two varieties were now placed in difierent pots, with sandy 
soil, tufts of grass, and varied food-leaves ; also the parents were 
separated from the eggs and young in every case. 

May 4tli. — The larger specimen of the same variety deposited 
a dozen or more living young ones and numerous eggs. No 
fragments of egg-sliells were then ohsei^ved, hut tlm next day I 
noticed that two of the young were much smaller than the 
others, and that one of them had a small hit of egg-shpll 
adhering to it — ^alSo that there were some pieces of egg-shell lying 
near them. None of these fragments looked large enough to 
have contained the biggest of the young, but they might have 

• I have followed Miuor Connolly (Annals of the South Afi'ioan Mnsetttn/ vol, xi. 
pt. ill. 1919, pp. 904, 906) in nigard^ those forms as varieties of CitebMoma zebra 

tCbcentiitsh 

t Cor ex^lwMtion of tin Plote,, tee 387. 

Paoc. Zooi.. SOC.-1921 , Ko. XXVI, 26 
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held the pmaller ones. Thus the two latter had evidently 
hatched from the eggs after they were laid, I did not ascertain 
the exact numbers at first, as 1 was afraid of disturbing them, 
but 1 now counted seventeen young molluscs and about fifty eggs, 
many of which wei*e cracked. 

May 4th. — I discovered that v».y, fulgurata had deposited two 
living young ones, which were buried in the feoil, without any 
eggs or fragments of egg-shell associated with them. These died 
that day when on a visit to the British Museum (Nat. Hist.), 
where a drawing of one was made. 

May 7th. — Var. fulgurata laid about seventy eggs near the 
surface, without any living young molluscs. 

May 15th, 16th, 17th, 21flt, 22nd, and 25th .~-On 'each of these 
days an egg hatched, thus there were six young var. fulgurata 
from the eggs laid on the 7th. Some of the other eggs cracked, 
but with one exception no more molluscs came out. 

June 1st. — This one hatched, but the animal died immediately 
an<l the shell was cleared out, either by Agridhnax agreatis Linn, 
(which had been introduced, probably on lettuce) or else by its 
brethren. 

September 9th, lltb, and 12th, 1915.— The larger specimen of 
var. obesa was observed to have deposited another brood. On 
each of these days a single young mollusc appeared on the sur- 
face. I then scraped up the soil gently, to the depth of one or 
one and a half inches, and discovered nine additional young ones. 
Ten were al)out the sjxme size, while two were smaller — there 
were no eggs or fragments of egg-shell. 

October 8th. — Two additional young ones were observed with 
the parent. It is not evident whether these were oveidooked 
before (for young shells, when covered with soil, greatly resemble 
pebbles), or whether they bad been deposited more recently. One 
was of about the same dimensions as that of the medium size, and 
the other was about equal to, or rather less than, the smallest of 
the previous ones. 

October 31st, 1916. — This brood was entirely killed by a single 
specimen of Avion kortensisy which I found beside them. Thus 
they existed little more than a year. 

Hihemaiion and Mortality, 

May 7th- July 13th, 1914. — The vox, fulgurata^ after laying 
eggs, formed an epiphragm and between these dates buried itself. 
Then it came up at night and ate lettuce, but went below during 
the day, and continued doing this for about a fortnight, when it 
remained completely buried till the beginning of October. At 
this time it rose, and died on November 26th, after having been 
in confinement eight months. 

Winter, 1914-15. — The four young vox.fdguratay which alone 
were living, commenced to hibernate in October and remained 
below till March 4th, One, however, had protruded its head 
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and eaten lettuce on February Bth, and then retired again. 
Only two survived the winter. 

November 25th. — The two adult var. oheaa^ as well as the 
young ones, commenced to hibernate, and they remained more or 
less, but not continuously, inactive till February 8th, 1915. 

May 24th, 1915. — The smaller adult var. ohesa buried itself, 
and as it did not rise again I dug it up on July 12th, when I 
found it was dead, after being from fourteen to sixteen months 
in confinement. 

W inter, 1915-16: October 9th. — The two young var. fulguraia 
hibernated. One came up January 6th, the other on the 29th. 

November. — During this nftonth the single adult and the young 
var. obeaa buried themselves till January. The foimer rose on 
the 20th and remained on the surface till March 2nd, when it 
died, after about two years in confinement. 

Winter, 1916-17. — Two young var. began hibernate 
ing in September, but rous^ up and ^te at the end of February ; 
the weather, however, becoming very cold caused them to go 
below again till late in March. One died in June, when about 
three years old. 

November. — There were now only six young var. ohesa living, 
these began to hibernate during this month. They did not, 
however, I'emain continuously below, but came up at difterent 
times, though they did not eat. Three died in February and 
two in March, thus only one specimen remained which belonged 
to the fii^t brood. 

Winter, 1917-18. — The solitary specimen of var. fulguraia 
began hibernating at the end of September and roused up at the 
end of January. The single example of var. ohesa was only 
dormant from December 15th to January 24th. 

Winter, 1918-19. — Var. fulguraia hibernated from the first 
week in September till February 22nd. Var. olma from the 
first week in October till Februaiy 21st. 

Winter, 1919-20. — Yixv, fulguraia hibernated from September 
29th till February, when it came up, but retired again below till 
the middle of Maixsh. Var. ohesa was buried from October 6th 
till the middle of March. 

The hibernation of the original var. fulguraia during our 
summer may be explained by the fact of that season being dry 
and cooler in the district whence it came, when it would naturally 
rest. There being no marked difierence between the dry and 
wet seasons at Port Elizabeth would cause var. ohesa to be more 
adaptable. It must be remarked, however, that the young var, 
ftdguraia did not follow the example of their parent, but that of 
var. ohesa^ 

The conservatory in which the molluscs lived was heated, and 
did not fall below 45® F. at night in winter. Nevertheless, they 
seeiued to feel variatioi^ in temperature, for there was greater 
mortality in cold weather, and if they roused up earlier from 
biWnction during a mild spell they generally went down again 
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when there was a return of cold. During hibernation thej. 
invariably closed the aperture with an epiphragm, which had a 
slit at the posterior end ,(P1. 1. fig. 13). 

Broods of Brogsny* 

June 21st, 1918. — As there was only one specimen of each 
variety living I placed thorn l>oth together, but they did not 
appear to like one another at first, for they went as far apart as 
possible. Later on, however, they became more friendly. 

September IGth, 1919. — Several young ones and also some eggs 
were discovered l>elow the surface, and the adults were separated 
from them. On .the 19th I counted ^even young molluscs, twelve 
eggs, and three broken bits of egg-shell. On the 26th I found 
another and still smaller young one, with two bits of egg-shell. 
It had, therefore, hatched from an egg, but there is no evidence 
to show whethei* the whole of those fir*st found had done so. 
Vbt, fidgtiraia appeare*! fn have deposited this brood. 

July 23rd, 1920. — I scraped up the soil to a depth of about 
two inches, and discovered fifteen living young molluscs and two 
dejxd ones, accompanied by some flagmen ts of egg-shell. The 
two dead shells were very small, had no coloured markings, and 
were without any trace of the animals. 

August 4th," 6th, and 12th. — Other living ones wei^e found, 
making nineteen in all, and the eggs numbered lietween fifty and 
sixty. It is not clear which variety deposited the young ones. 
After finding these I actually saw var. obesa lay some of the 
smaller eggs ; it is, however, quite possible that var. fulguraia 
may have laid some of the larger ones. 

Hibernatio7i, 

Winter, 1919-20, — October 6th to the middle of March. 

Winter, 1920-21. — Both broods commenced to hibernate the 
middle of October, During mild spells in Januaiy they came up 
and ate. There were nine living of the fii-sfe brood and seventeen 
of the second, all grandchildren of the original specimens. 

Summer, 1920 . — Yaw fulgurata was not so active as usual, 
appealed sickly in August, and finally died on September 22ud 
at the age of six years and four months. 

October 24th. — Var. obesa died after being iuert several days, 
when six and a half years old. 

Reproduction, 

Unfortunately, the cases hei*e described do not afford clear 
evidence of the length of time elapsing between fertilization and 
birth. The two original specimens of var. obesa travelled together 
with one of yhv,ftdgurata for seventeen days. The former may 
have fertilized each other, or they may have been fertilized pre- 
viously by their fellows, or, on the othdk* hand, they may have 
been impregnated by yav,fvXgurata on the journey. Witli regard 



OF OOCEliXTOMA ZEBRA IE CONFINEMENT. 


883 


to the var. fidgfumtA, five of six weeks had elapsed since it had 
the opportunity of copulation with its own kind, but there is the 
possibility of its having been crossed with var. obesu ; fertilization 
in transit was unlikely as the specimens were tightly packed. 

The second brood (September 1916) of the larger specimen of 
vur. obeea must have been produced either from the prolonged 
efieot of the previons copulation, or else the mollusc must have 
been feitilized afresh at least four months before, as that length 
of time bad elapsed since sepamtion from its only fellow. As far 
as can be judged from the appearance of the animals and shells, 
cross-breeding does not seem to have taken place. It is, however, 
n question whether the two broods of the progeny of the original 
specimens may not be the result of cross-fertilization. The broo<i 
of var. /Wyurato (September 1919) was deposited al^out two years 
and three months after the death of the last individual of its 
own kind, aged three years, and after it had been living with 
var. obeaa about fifteen months. The actual parent of the young 
ones deposited July 1920 is doubtful. If it was var. obeaa, and 
fertilized by its own form, three years and four months had 
elapsed since the death of its last companion, which was then 
barely three years old. If fertilization was by var. f vigour ata it 
may have taken place any time after J une 1918. If v&r,fulgurata 
was the parent, either the effect of the first copulation must have 
continued or else thei*e must have been crossing with var. obeaa. 
The latter vaiiety certainly laid some of the eggs, but it is not 
evident whether any hatched. 

These last two broods are as yet too young to ascertain whether 
there are signs of cix>BS-breeding. The older one, however, l)ears 
most resemblance externally to var. fulgurata. In connection 
with this 1 would point out that Mr. Darbishire in an abstract 
of Prof. Lang’s experiments with Helix hortenaia and Helix 
nemoralia, quotes an example of one of the snails being fertilized 
in 1900, which, without f mother copulation, produced four families 
in the years 1900, 1901, 1902, and 1903. Dr. Cooke t gives 
instances of the prolongeil effect of a single copulation in Helix 
aaper'aa and Ariori ater. In the case of the former the first batch 
of eggs was laid after the lapse of only four days, and the second 
the following summer. In the latter a month elapsed, and then 
this pair of Arion aler both laid batches of eggs at intervals 
during a period of seven weeks. He also quotes from a paper 
communicated by Mr. J. S. Gaskoiu to the Zoological Society 
in November 1860, to the effect that Helix lactea produced young 
after being isolated four and a half years. 

Hgga a^%d Young, 

It is of interest to note tbair these two varieties of Cochlitoma 
have been observed to be at the same time both ovoviviparous 

s Joar. Conch, voh xi, no. 7. 1906, p. 194. 

t ** Molluccs,*’ CionWidge Nat. HisU 1896, p. 42. 
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and oviparous, and also that var. obesa had one Ijrood entirely 
ovoviviparous* A dead specimen of the latter variety, found 
associated with the living ones, contained a number of dead 
young shells, with which no eggs were noticed. 

Dr. Pilsbry^ states that Gochlitoma is bvoviviparous, and gives 
an instance of Semper having found in the uterus of a specimen 
of (7. zebra sixty undeveloped eggs with calcareous shells, the 
largest measuring 6 mm. in length and the smallest 3 mm., 
together with twenty-five embryos which had crawled out of the 
egg-shell. Further t, he i^marks that Mr, Olapp found young 
shells of about 8 mm. in diameter inside a specimen of (7. crato- 
fordi (Morelet), with which therd were no traces of calcareous 
egg'Shell. 

The dimensions of the eggs of the different broods vary : 
var. fulgurata has the largest eggs — these are preserved in such a 
manner as to show the structure best. The eggs are calcareous, 
yellowish in colour, and short-oval or rounded in form. The 
biggest measure 9 mm. in length by 7*5 mm. in width ; the 
smallest 3*75 mm. in length by 3*25 mm. in width. Inside the 
outer calcareous shell there is an ninber-coloured layer which 
does not cover the whole of the interior, and which appears to 
give rise to the embryonic molluscan test. Fully a dozen of the 
broken eggs of ve^v, fulgurata contain the embryo and exhibit a 
very thin grey layer, more or less calcareous, covering the aper- 
ture and the -greater part, if not the whole, of the shell. The 
young shell consists of little more than three whorls, of which 
the earliest is smooth, pale horn-colour, with the apex slightly 
sunk; the succeeding whorls have spiral lines crossing the lines 
of growth and rendering the surface granulated ; the brown - 
coloured markings begin on the last third of the body- whorl, 
before it leaves the egg, and they form an interrupted spiral 
band with a few longitudinal brown lines near the aperture. The 
soft parts of the animal have entirely disappeared from all the 
eggs. A young shell, released from a broken egg, had a length of 
7*5 mm. and width of 8 mm. 

The later brood of var. fvlgivrata (offspring of the original 
specimen) contained fewer eggs but more living young molluscs. 
I broke one of the twelve eggs, and found it was not so far 
afivanced as some of those of the first brood, as there was only 
the amber- like layer inside the calcareous shell. The largest 
measures 8*25 mm, in length by 6*5 mm, in width ; the smallest 
6-5 mm. in length by 5*5 mm. in width. 

One of the biggest eggs iof the larger example of var. oheBa 
measured 8 mm. in length and 6 mm. in width ; one of the 
smallest, 3 mm. in length and 2*6 mm. in width. The biggest 
egg of the smaller parent is less, measuring 5'5 mm. in length by 
4 mm. in width. 

The latest brood, which is probably mixed, contains eggs 

* Mai). Conch, vol. xvii. 2, p. 77. 

t Ihid, p. 98. 
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varying from 7 mm* to 3*75 mm* in length, and from 6*5 mm. 
to 2*76 mm. in width. 

Grototh. 

The young molluscs of the different broods varied in size and 
mte of growth; specimens of each of the earlier broods have 
been figured at intervals to show the latter (Pis. 1. k II.). As far 
as tK>6sible the same individual was represented, but when one 
died another^ of the same brood was substituted. The rate of 
growth was not always uniform, and sometimes a smaller specimen 
surpassed a larger companion. The difierence in size was shown 
in a remarkable manner in the case of the latest brood of var. ful- 
guraita, (September 1919), which consists of the grandchildren of 
the specimen originally brought home. Three days after discovery 
the largest measured 20 mm. in length and 15*5 mm. in width, 
while a week later the smallest, which was probably hatched from 
an egg, had a length of 10 mm. and width of 9 mm. On May 4th, 
1 920, about six weeks after they ceased hibernating the smallest 
was the same size as before, while the largest had a length of 
22 mm. and width of 16*5 mm. There was also another remark- 
ably small one. These two small examples were not long-lived, 
for the first-mentioned died on May 27th, when it measured 
10 mm. in length and 9*5 mm. in width. The second died in 
October, when it was 13 mm. in length by 10*5 mm. in width. 
A living companion of average size at this time measured 42 mm. 
in length and 29 mm. in width. This last, and the rest of the 
brood, were then commencing to hibernate, so I did not wish to 
disturb them to make fui*ther measurements. 

The drawings represent the first broods up to the age of three 
years and four months, when (September 1917) only one specimen 
of each form was living. Neither of these had been figured 
l>efore, and they were then figured with the animals (PI. III. 
figs. 1 & 2). At that date this specimen of var, fulgwrata 
n^easured 71 mm. in length and 41 mm. in width ; var. dhesa 
57 mm. in length and 39 rnra. in width. 

In September 1918 vtiv, fulgurata measured 81 mm. in length 
and 46 mm. in width ; var. obesa 77 mm. in length and 49 mm. 
in width. 

In September 1919 fulgurata measured 88 mm. in length 
and 49 mm. in width ; var. ohesa 80 mm. in length and 52 ram. 
ill width. At death var, fidgurata had attained a length of 
89 mm. and width of 50 ram, ; var. ohesa a length of 80 mm. and 
width of 52 mm. It must be noted that both grew most between 
September 1917 and September 1918, and least during the last 
year of their lives. The increase in nil cases was actually made 
after hibernation, between the months of January and September 
of each year. Var. fulgurcda did not attain the length of its 
parent, which was 107 mm. ; but var, obesa exceeded the size of 
itis parent (smaller specimen), which only measured 68 mm. in 
length and 47 mm. in width. 
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EesBmUanceB BifferentiBB. 

Ill extreme youth the shells of the two varieties greatly 
resemble one another, but the broWn markings) so far as I have 
observed, appear to commence earlier . in var« jMgterola than in 
var. obesa. The embryos of the latter form, found inside a dead 
specimen, do not show them at all, and I have oidy noticed the 
faintest trace of them in one embryo. As the molluscs grow 
older, however, they differ in character and eolour of the shell, 
as well as in the colour of the animah The specimens of var. 
obesa examined vary somewhat in the spiral angle of the shell, 
but on the whole it is wider than that of var. ftdgurata, iJhe 
shell of var. obesa is lighter in colour, lieing white or yellowish 
white, while that of var. fulgurata is deep horn-colour ; both are 
ornamented by brown, longitudinal, more or less zigzag streaks, 
which are less closely packed on var. fulgurata^ and are also 
broader on the body- whorl. The appearance of the latter is like 
horn or tortoise-shell, while var. obesa is more porcellanous, and 
is thus similar to the typical C. zehra^ 

The colouring of the animal of var. fulgurata is pale greenish 
or yellowish grey, reticulated with a darker shmle, and there are 
three almost black stripes running tlown the head, with a banana- 
yellow stripe on each side of the central one. In var. obesa the 
animal is lead -grey reticulated witli a dai^ker shade ; it also has 
three dark stripes, which are not so nearly black as those of var. 
fulgurata^ the Central stri^ie is broader, and those on each side 
are liglit grey. The fringe and sole are darkest in var. obesa. 

The eggs of var. obesa are proportionately longer than those of 
VS.V. fulgurata^ hut on the whole they are smaller. 

The habits of the two varieties also differ somewhat, Var* 
fulgurata is more nocturnal, moving about and eating most at 
night, while var. obesa moves about during the day as much os at 
night, and lives more continuously near the surface. The former 
is more vigorous in its movements, making rapid and deep 
excavations. It has also been note<l that the progeny of the 
original var. fulgurata generally hibernated earlier, seeming to 
require a longer period of rest. Contrary to its usual custom, 
tlie solitary example of this variety lived on the surface during 
the last summer of its existence, and did not appear to have the 
energy to move much or to bun*ow. 

Food. 

The favourite food of both forms is lettuce, and next to that 
dandelion and the leaves of the Life Plant {BryophyUum ccdycinum 
Balisb.). They ate the skins of grapes that had been sucked, but 
could not manage the entire fruit; also banana and the outet 
leaves of cauliflower, when there was nothing else. They posi- 
tively disliked cabbage and sprouts, either fresh or cooked « 
All had a habit of dragging leaves into their burrows, and some- 
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timeo the mollusc would remain buried while merely the head was 
protruded for feeding. 

I am greatly indebted to Mr. G. 0. Robson for several valuable 
suggestions, also for aflfording mo every facility when studying 
specimens under his care. 

EXPliANATlON OF THE PLATES. 

Plats I. 

Cochlitoma sehrat var. ohe$a (Pfeiffer). 

Fi};. 1. Brood I. Drawn June 17tlj, 1914. X 2. Born April 29th, 1914. 

2. Brood II. Drawn shortly after birth. May 4th, 1914. X 2. (Shell lost.) 
2tf. Brood II. Sculpture, greatly enlarged. 

3 . Brood II. Diflbrent 8p<K:ii»en, drawn Juno 17th, 1914. X 2. 

4, 4<t. Brood II. Eggs of medium and small size. X 2. Larger one showing 
inner aml)erdike layer. 

CochlHonta zehra^ VAV.fuJgurafa (Pfeiffer), 

5. Drawn Mav 4th, 1914, soon after birth. X 2. (Died after visit to the 
Mii‘»eum,) 

6 «. Sculpture greatly enlargt'd. 

0. Drawn J tnie I7th, 1914. X 2. Hatched from an May 15th or 17th, 1914. 

7. Egg, laid May 7ih, 1914, showing inner nmberdike layer. X 2. 

S. Euihryo, wdth egg-shell partly broken away, and show^ing inner thin cal- 
careous layer, also the brown markings on the last whorl. X 2. 

9. Specimen praviously figured Juno 17th (fig. ff), drawn again July 28th, 
1914. X 2. 

10. The same, drawn September loth, 1914. X 2. (Died immediately after- 

wards.) 

11. Another shell, drawn April 9th, 1915. X 2. 

12. The same, drawn June SKHh, 19i6. Knt. size. (Died June 1917.) 

13. Portion of epiphragm, showing slit. X 2. 

Plats 11. 

CoeJilUoma gehray var. oht$a (Pfeiffer). 

Fig. 1. Brood I. Same as PL, I. fig. 1, drawn July 28th, 1914. X 2. 

2. „ „ „ „ September 16th, 1914. X 2. 

8. „ „ „ „ April 9th, 1916. X 2. 

4. „ „ „ „ Juno 30th, 1916. Nat. size. (Died 

Septeml)er 1916.) 

5. Brood II. Same as PL I. fig. 3, drawn Jub 2dth, 1914. X 2. 

* 6. „ „ „ „ September 16th, 1914. X 2. 

7. ,, ,, ,1 „ April 9th, 1915. X 2. 

8. „ „ ., „ .Juno 30th, 1916. Nat. size. (Died 

February 1917.) 

Plats III. 

Cochlitoma zchrety var. ohesa (Pfeiffe.'*). 

Fig. 1. Brood I. Dr^wn September oth, 1917. Nat. size. (Not figured previously.) 

Born April 29th, 1914. Died September 1920. Dissected by Mr* G. 0. 
Robson. 

Cochlitoma zebra, yax.fulgurata (Pfeiffer). 

2. Drawn September 6tb, 1917. Nat. size. (Not figured previously.) Hatched 
from an egg, betw'een May 16th and 26tli, 1914, Died September 1920. 
Dissected by Mr. G. 0. Robson. 

All the specimens figured have been given to the British Museum (Nat. Hist.). 
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Inirodnction, 

To show the wide divergence of opinion on the classification of 
the genera assigned in the current text-books to the Procyonidae, 
it is needlass to go to an earlier date than 1869, when Gray pub- 
lished his * Catalogue of Carnivorous . . . Animals.’ Using in the 
main the carnassial teeth, this author divided the Ferae into two 
suborders, Carnivora and Omnivora, the latter, with the teeth in 
question non-sectorial, comprising the forms now relegated as a 
rule to the families Ursi<lae and Procyonida). Gray, however, 
admitted six families of Omnivora: — (1) Ursidse with several 
genera ; (2) Nasiiidse for Nasua ; (3) Procyonidse for Proof/on 
with two subgenera Procyon and Eitprocyon ; (4) Cercoleptidse 
for Cercoleptes {Potos) ; (5) Bassaridte for Baasaris ; (6) Ailuridce 
for Ailums, • 

In the same year, however, Flower (P. Z. S. 1869, pp. 4-37) 
classified the genera in question into the three families Procyo- 
nidje {Procyon^ Baamris, N'aauaf'Cercoleptea); Ailurida? {Ailurm)\ 
and Ursid» ( Uram) *, 

In 1872, Gill, whose estimate of the value of characters was far 
in advance of his time, made a classification which may be 
described as a combination of Gray’s and Flower’s (Smiths, Misc. 
Coll. xi. pp. 58-59, 66-67, 1872). It was as follows :—Fam. 
Uraidfe (with the genera admitted by Gray); Fam. iKluridaj 
{^Elurua); Fam. Cercoleptidie (OeredepteassPotoa); Fam, I^o- 
cyonidjB with the subfamilies Nasuinre (N^oaua), Procyonin® 
{Procyon); Fam. Bassaridid® 

• This grouping, however, was the same iu substance as that proposed by Turner 
about twenty years earlier (P. Z. S. 1S48, p. 86) with the conversion of Turner s 
subfamiHes Ursina, AHurtna, aud iWyonina of the family Ursidse into families of 
the Arotoidea. 



390 nn, B* 1. POCXKJK ON THB EXlJ&BIIAXi 

In 1876 (Proc. Acad. Nat. Sci. Philad. pp. 20-23), J. A. Allen 
described' the genus Bemcantyon and remarked : As the Species 
[B. gahbt] differs more from either Nasua or Prodifon than the 
latter do from each other, it seems to form a type quite as well 
entitled to rtitik aS a subfamily of the Procyonidae as do either of 
the others, and may hence be called Bassaricyoninm,” 

In 1883 (Encycl. Brit. (9) xv. p. 441), Flower repeated his 
classification of 1869 with the addition of Baasariot/on to the 
Procyonidse and of Ailuropus to the Ui*sid«s. 

In 1886, Mivart (P. Z* S. 1886, pp. 392-394) adopted Flower’s 
views, with one or two important exceptions. He admitted only 
two families, the Ursidse and Procyonidte, fusing the Ailuridie 
with the latter and relegating Ailuropus to a place alongside 
Ailurus, His Procyonidie, therefore, were grouped as follows : — 
(1) Procyonimo (Procyon, Nasua, Bctssaris, Bmsm^yony Cerco- 
leptes)'^ (2) Ailurinse (Ailurus^ Aihiropus). It may be noted 
that after comparing the dental and cranial characters of Ailurus 
and Ailuropits, he summed up by saying so that on the 

whole it appears to me that there is inoi*e decided natural affinity 
between Ailuropits and Ailurus than between Ailuropus and 
(JrsusP 

Mivari was, I believe, the first author definitely to assign 
Ailurus and Ailuropus to the Pr<xjyonid». Nevertheless, when 
Flower and l^ydekker published their volume on the Mammalia 
in 1891, they quoted Blanford as the authority for the opinion 
they adopted that Ailums belongs to that family. Ailuropus 
tiiey retained in the Ursidae. 

Himilarly, in their paper upon ^Eluropus^ published in 1901 
(Tr. Linn. Soc., Zool. viii. pp. 161-173), Lankester and Lydekker 
do not appear to have consulted Mivart’s paper or to have been 
acquainted with his views ; and the result w^ that Lydekker 
put forward a clarification of the Procyonidm identical in every 
particular wdth that of Mivart. 

Trouessart (€Jat. Mamin. Huppl. pp. 183-18-1, 1904) i*eferred 
Ailuropus and Ailurus to the Ursidai, grouping them in the 
subfamily Ailurium as op]X)se<l to the Ursinm containing the 
genera of true bears. The Procyonid® he divided into two 
subfamilies, the Potosinaj for Polos (olim CercoUptes) and the 
Proeyonin® for Jiassarieyon, /Jussariscm, JVaaua^ and Procyon. 
With the substitution of Potosin® for Oercoleptin®, this classi- 
fication is the same as that published by Trouessart in 1898 
(Oat. Mamm* i. p* 248). 

In 1914, Bardenfleth (Mindeskrift, etc., for J. Steenstrup’s 
Fddsel, Copenhagen, no. xvii. pp. 1-15) reconsidered the question 
of the afil^nities of AUurus andAilus^opoda, and, deciding that the 
resemblances between them are purely adaptive, left the former 
in the Procyonid® and adopted Flower’s view that Aihiropoda is 
ati aberrant membel* of the tJrsid®. The author tabulates in 
three columns, devoted respectively to Ailmrmy Axlatopgda^ and 
UrsuSf no fewer than 56 characters by which these genera may 
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be eampami end contraetecU the only cbamober quite in* 
adequately dealt with being the feet, wherein be would have 
found oonsidemble corroborative evidence sup{)ortmg hie opinion 
of the Ursine affinities of Ailwropoda, 

The latest classification was published in 1916 by Hollister 
(Proc, U.S. Nat. Mus, 49, pp. 141--150), who, following Gray and 
Qill, separated Basawrisms from the rest of the genera, his 
grouping being as follows:— Fam. 1. Baasariscidae {Baaaarisena}; 
Fam. 2. Procyonid® (Ailuru8f Procyon, Nama^ Nasudla *, Baa- 
saricyon^ Potoa). This grouping involves the conclnsion that 
the affinity between Ailurus and Procyon, or Potoa is greater 
than the affinity between Pro(^m or Potoa and Basaatiacua, a 
conclusion which, in my opinion, is quite indefensible. With 
regard also to the affinities of Potoa and Baaaariacus with tlie 
other genera, I cannot agi’ee with Hollister, whose opinion with 
regard to the dentition of Bmaariacna may be contrasted with 
that of Flower when he wrote in 1869 Cercoleptea [Poioal 
deviates in its dentition from the more typical members of the 
group far more than Bassaria [BaaaariactiB^y though in a precisely 
opposite dii ection.” 

From the above-given review it will be evident that there is 
no sort of unanimity on the three following points: — (1) The 
^Kwition of AUuropodaf, Some authors claim that the genus 
belongs to the XJrsidas ; others place it in the Procyonidae. 
(2) The position of Ailuruat, some authors regarding it as the 
type of a special family, others, in a majority, placing it in the 
ProcyonidfiB. (3) The constitution of the so-called Procyonid® 
of America. Every genus has at various times been made the 
rewesentative of a special family or subfamily. Justification for 
this course is to be found in the much greater differences that 
exist between them than between the genera of Felid®, Canid®, 
and other compact families of Carnivora. 

This variety of opinions calls for a revision of the questions at 
issue in the light of other characters than those supplied by the 
teeth, skull, and skeleton, wiiich have mainly been used, Gray, 
it is true, employed the feet to a certain extent, but he was 
compelled to depend very largely upon dried skins, and most 
authoi's attach comparatively slight importance to external 
characters. 

During the past few years 1 have been making sketches of the 
feet, ears, rhinaria, and other external organs of the Carnivora 
that have died in the Gardens of the Zoological Society : and the 

* To inustrate the ^iflhrenoes between JUTasutt and and justify the 

creation o£ the latter, Hollister seems to have selected skulls exhibiting extremes oi 
variation* I have skulls of almost intonnediate between tlie two figures. 

t liiis was the name originally givssi to the gemis by Mtli^ Fdwards ; but he 
subsequently changed it to Ailuntpua because Gray had previously employed the 
name j!l^uropoda for a soctioh of the Ckrmvora comprising the Felidss, Mustelidfe, 
and other lamfiles, Gray’s action, however, did not invalidf^ the use of AUnropodtft 
inainnerioaeiwe. I ha^thorafoee, mtained it. 

f The original apelling of this name is idso, adhered to in this paper. 
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pment paper is based mainly upon the Procyoaidss examined in 
the Proseotorium. 

The follomng material has passed through my hands 

Ailurus fulgsm. — Several specimens of both sexes. 

Prooyon lotor or closely-allied forms. — Several specimens of 
both sexes. 

iVostia noma (ring-tailed Coati Mondi, with a dark snout and 
distinctly ringed tail). — Several specimens. 

Nvmm narim (the white-nosed Ooati Mondi, with a white 
snout and indistinctly ringed tail). — Several specimens. 

Bassaricyon sp. — A single specimen, sent on approval by 
Mr. Gross, the animal dealer, which died on the day of its 
arrival and had to be returned to the vendor. Of this 
only the feet and rhinarium were sketched. My observa- 
tions on this genus have been supplemented by an 
examination of the dried skins in the British Museum. 

The example of this genus dissected by Mr. Beddai'd 
(Proc. Zool. Soc. 1900, pp. 661 -675) was converted into a 
skeleton. 

PoioB cmdivolvuluB or closely- allied forms. — Beveml specimens 
of both sexes. 

Baaaariacus aatutus. — A single immature male preserved in 
alcohol — probably the specimen whose anatomy was 
described by Mr. Beddard (Proc. Zool. Boc. 1898, 
pp. 129-131). 

Jentinkia* mmichnistL — Dried skins in the Natural History 
Museum. This Gacomistle is sometimes admitted as a 
subgenus of Bassariscus. I have provisionally quoted it 
as a distinct genus, the material available being insufficient 
to establish the absolute constancy of the differences in 
the feet observable between asiuius and mniichraati, 

AiHropoda Tmlanoleuca. — Mounted specimen and skull in the 
Natural History Museum. 

The skulls examined are in the collection of the Zoological 
Society and in the Natural History Museum. 

The External Ear, 

As recorded by previous authors, the pinna of the ear varies 
in shape and size, being short and rounded in Nasua^ Potoe, 
and Basaarieyon^ longer, more pointed, and more expanded in 
Procyon, BassariscuSf Jentinkia, and Ailwnia, The cartilages 
strengthening the base of the ear are simple and normally 
carnivorous in their arrangement, requiring no special descrip- 
tion, especially as they vary in development to a certain extent 

* Proposed by Troaessart (Cat. Matnm. Suppl. p. X8i, 1904) to reolaoe tbe pre- 
occupied name WagnerUt Jentink (Notes Mus. riit. p. 1S9, 1886) based on the 
differences Ixitween B, vaHahitU l$umiehrast(\ and aatutua pointed out bv Petens 
(Mon. Ak. Wise. Rerlin, 1874, pp. 704-706). 
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within generic limits. Much greater interest attaches to the hurm. 
In BusacurUcm and Jentinkia this is developed as in the CanidsB, 
Felidae, and some Viverrida, its posterior half being formed by 


Text-figure L 



E 


A. Head of Po^ ecmdivofottltia (vel «p. d ad. X i. 

B. ‘ Banariwui atMuMJ g immat. X (Fiom epeciinen 

in spirit with ear half closed and hair wet.) 

C. »f Utor, ^ ad. X 

0. Lateral view of rhinariotn of Ba$$arieif<m sp. ? 

E. Bar of Sa$ 9 afie^ alUui, (Sketched without measurement from 
dried skin.) 
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a Admicilpoular ftap of iEtegumoEt miB£ bobip4 tM fu) jacont 
edgo of the pinna, i,ts anterior rim being fepljr 
Judging from dried akinn, the bursa of is to 

that of JBaaiariacua, I also find it present in dried skins of 
BasBaricyon^ but it appeaiis to be less ^ell developed than in 
Basaariacm, The upper' portion of the posterior flap arises 
behind the margin of the .ptnna^ but its lower portion is confluent 
with it, and its anterior rim is lower and apparently not emar- 
ginate. The onlj$^ other genus in which it is present is Naaua^ 
where it has the form of a shallow pouch near the edge of the 
pinna which bulges slightly at this point. A similar bulge on 
the ear may be seen in Procym^ but in no example examined 
was there a trace of the pouch, and there is no trace of it in 
Polos or Aihirua, There is also no tiace of it visible in the 
mounted example of Ailu^'opoda in the Natural History Museum, 
and it is absent in all the genejra of Ursidae. 

If, as I believe, a well-developed huraa^ such as is seen in the 
Felid® and (Janid®, is a primitive feature in the Carnivora — and 
its presence ip some of the genera of all the recognised families, 
except the Ursid®, suggests that conclusion, — it follows that the 
ear of Basaariaeua is the most primitive type in the Procyonid®. 
Next comes that of Bob^aaricyon^ then of Nmu4i showing stages 
in its suppression which has been achieved in Procyoniy Potoa^ 
and Ailurua, 

The following table summarises the characters of the ears in 
the genera examined ; — 

a. Bursa retained. 

6. Bursa marf^insl, at least the upper end of the posterior flap 
attached behiud the adjoining edge of the pinna, 
e. Lower end of posterior flap behind the edge of the pinna ; 

anterior flap emarginate; ears large Hatsariacusy tfentinkia, 

c\ Lower end of posterior flap <^nflaent w'ith edge of pinna; 

anterior flap with low straight edge ; ears small Bataarieyon, 

h\ Bursa a sliallow potich in front of posterior edge of pinna.. Natua, 
a\ Bursa suppressed. 

d. Ears large, expanded, and more or less pointed Proe^on, Mlurns, 

dl. Ears small and rounded Pofoe, 

By this tabic Ailuropoda would fall alongside Potoa under the 
heading d\ In the Ursid® also no trace of the bursa remains 
and the ears are always rounded. They may, however, be com- 
paratively large and rounded as in Sehnc^rctoa * tibe(a/n%ia, or 
small as in Edwrctoa malaymiia, 

* Mr. A. de Carl Sowerby has pointed out to me that Heude applied this generic 
name to this Oriental bear in 1901 (M4m. Hist. Kat. Ohinois, v. pt. 1, p. 2). The 
later name ArctUoma, whtph I gave to it in 1917 <A]ui. Mag. Hist* (A) kx. 
p. 129), lapses, tlierefo^, aa a sypooym ci Mj excuse for missing this 

point is that the thj^n reeordjer of the Mammalia in the * Zoological Becord* pur- 
posely refrained from <)tiottiig Heude’e work on account of its general worthlessness 
in his opinion, 
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Facial VihrmcB, 

Mivarfc described the facial vibrissie of Froeyon as follows : — 
** The whiskers on each side have 5 or 6 bristles grouped together, 
and there are four sets of such groups. There is also a tuft over 
the eye, one behind the angle of the jaw, and one under the 


Text-figure 2. 
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middle of the chin.” That is quite true ; but, in addition, the 
superior genal tuft is also present, although sometimes it is hard 
to detect when the normal tuft is reduced to a single vibrissa on 
Pboo. Zool. Soo.— 1921, No. XXVIX, 27 
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each side. Submental vibrissie are also present. In this genus, 
therefore, the tufts of facial vibrissae are normal for the Carni- 
vora, eonsisthig of mystacials, supcrciliaries, two tufts of genals, 
the lower behind the angle of the mouth, the upper below and 
behind the angle of the eye, submentals, and an unpaired 
inteiTainal tuft. 

I have no notes or sketches of the facial vibrisssB of Basmti- 
ci/on^ but fi'om Beddard’s remark that there are five or six long 
vibrissfe forming the whiskers, three or four upon each cheek and 
two or three under the chin, I think it may be infoired that this 
genus falls into line with Procyon and Potos in having these 
tactile hairs normally developed. 

In Ailunis the tufts of vibrissie ai'e also normal in numlwu' and 
distribution, and the upper genal tuft, represented by one or two 
vibrissas, is situated low down on the cheek, only a little above 
the lower, and is often difficult to detect amongst the normal 
hairs which thickly clothe this portion of the head. 

Similar tufts are present in the genera. Nasua^ Bassariscus, 
and PotoSf being better developed and consisting of stouter 
vibrissje in Naaua than in the others. In two examples of Potos 
the upper and lower genals are represented by a single vibrissa 
each. In Bmsanscas the up|>er genal tuft is set high up rather 
close to the angle of the eye, as is usual in predatory Mustelida). 
In Potos and Xamui it is lower down tlie cheek. 

In Ailuropoda the inystacial vihrissfe are all sliort and ob- 
viously of little import as in the Ihsida*. On the single stuffed 
specimen examined I was unable to si\tisfy myself as to the 
presence of the other tufts. 

The Muzzle and Rhinarium, 

In Procyon tlio snout is moderately lengtliened, and projects 
considerably beyond the lower jaw. Tlie rhinarium is large and 
naked above. In front it has no central gioove or, at most, a 
short indistinct otie below. The upper margin is flat or evenly 
convex, not biconvex, and the width is m\ich greater than the 
depth, hut less than the comhine<l depth of the rhinarium and of 
the upper lip. There is no trace of a philtrum, the upper lip 
being continuously, although comparatively scantily, hairy across 
the mid<lle line, and the inferior edge of tlm i hinarium transverse 
in the middle and upcurled laterally. The internanal septum is 
broad and the infranarial portions moderately deep. 

In Bassariscus mtutm the muzzle is almost as elongated as in 
Procyon, the width of the rhinarium being much less than the 
combined heights of the rhinarium and of the upper lip ; hut 
the lip is cleft by a long naiTow philtrum. The rhinarium itself 
is very like that of some Felidae and Viverridae, its upper edge 
being horizontal, with rounded angles from the anterior aspect 
and its inferior edge strongly angled mesially, where it passes into 
the philtrum. The intemarial septum is modemtely wide and 
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the infranarial portion comparatively shallow. There is a faint 
median groove marking the rhinarium from its summit to the 
bottom of the philtrum. 

In ITama the snout is much more elongated and mobile than in 
Procyon^ and, as in that genus, the upper lip is entire, the rhina- 
rium showing no trace of philtrum. The rhinarium differs from 
that of the other genera in ceitain particulars. Its upper anterior 


Text -figure 3. 



c 

A. Rhiuarium of ; front view. 


B. 

y* 

J*ot08 caudivolvulus ; front view. 

C. 

>1 

Batsaricyon sp. ? ; front view. 

D. 

•> 

BaMari$cus asMwt ; front view. 

E. 

» 

Ba^ua natva ; front view. 

F. 

yy 

Brocyon lotor ; front view. 


All figures X J approx. 

(D, B, F. Drawn with upper lip in same plane as anterior sui'fhoe of rhinarium.) 

margin is strongly produced. Its greatest width in front across 
the Infranarial portions is less than the combined heights of the 
rhinarium and of the upper lip. The inferior edge is commonly 
strongly sinuous, owing to the median emargination. The nostrils 
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instead of being subciixsular are markedly elongated from above 
downwards, and the internarial septum is long and narrow. The 
infranarial portions are deep, and are defined by a groove from 
the adjoining central portion, which has no trace of median 
groove. 

To Beddard's description of the rhinarium of Bansaricyon as 
naked and marked with a median groove which also cleaves the 
upper lip and is visible on the dorsal side, I may add that in 
the specimen examined by me, the upper edge, when seen from 
the front, was lightly biconvex, the median groove was well 
marked and complete, the philtrum was short but barely as wide 
as the internarial septum, and that the infranarial portion on 
each side was exceedingly deep and marked with a faint trans- 
verse groove, meeting its fellow of the opposite side in the middle 
line ; and that the total width of the rhinarium exceeded the 
height from the edge of the upper lip to the summit, the snout 
being short as in Potoa^ and not produced as in Baasariacus and 
Procyon, 

In Potoa the snout is not produced or slender, and the rhina- 
rium is remarkable for the great width of the philtrum, which is 
as wide as or wider than the internarial septum, its sides often 
diverging below, and the greatest width of the rhinarium exceeds 
its height from the summit to the edge of the upper lip. The 
iippei* edge, seen from the front, is convex or lightly biconvex, 
the internariel septum is wide, the infranarial portions ai’e very 
deep, gradually uaiTowing beneath the slit-like portions of the 
nostrils laterally. There is a well-marked median groove running 
from the edge of the lip an<l sometimes extending on to the 
upper surface in front, and a faint subhorizontal groove runs 
inwards beneath the nostril to meet its fellow of the opposite 
side in the middle line. 

In Ailurva the snout is not produced, and the upper lip is 
divided by a short narrow philtrum, much narrower than the 
internarial septum, and the greatest width of the rhinarium 
considerably exceeds its height from the summit to the edge of 
the upper lip. The upper edge is tolerably evenly convex or 
markedly biconvex, the internarial septum is wide, and the 
infranarial portions are comparatively shallow, each being marked 
by a faint groove which extends obliquely downwards and in- 
wards to meet its fellow of the opposite side in the middle line. 
The median groove is well marked, and extends from the edge of 
the upper lip often on to the summit of the rhinarium. 

So far as it is possible to judge from the mounted specimen of 
Aihiropoda^ the rhinarium resembles that of Ailurua in all 
respects, especially in the shortness and narrowness of the 
philtrum, except that its upper surface is entirely covered with 
hair. In this respect it differs from that of all the genera of 
so-called Procyonidae and Ursidas. 

I was unable to satisfy myself as to the protrusibility of the 
lips in Aihiropoda^ although the lower lip, as mounted, is slightly 
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compressed and pouted in the middle line. The point is not 
without importance, because all the Ursidai differ from all the 
Procyonidro and from Ailurus in having the lips protrusibJe or 
capable of being pouted. In the Procyonidae and Ailurtia the 
lips above and below the incisor teeth aie comparatively closely 
adherent to the gums as in normal Carnivora. 

By the characters supplied by the snout and rhinarium the 
genera may be classified as follows : — 


a, Snoat greatly elongated ; upper edge of rhiiiarinm produced be- 
yond the uoHtriU so that its anterior surface is nearly flat and 
sloi>e8 obliiiuely downwards and backwards ; anterior portion of 
nostrils vertically elongated, separated by a high, narrow, un- 
groovod septum, and almost concealed in profile view. Upper 

lip long and undivided by philtrum 

Snout not, or only moderately elongated; upper edge of rhi- 
narium not pnalueed, its anterior surface lightly convex, not 
noticeably rt^ceding; anterior portion of nostrils siibcirculiir, 
separated by a low, broad, generally grooved septum, and visible 
in profile view. 

6. Snout moderately produced ; upper lip long so that the width 
of the rhinarium is less than the combined heights of the 
rhinarium and upper lip ; me<liau groove on rhinarium weak, 
or indistinct. 

e. Upper lip undivided by philtrum ; infranarial portion of rhi- 
iiarium deep and wide, median groove abbreviated or 

indistinct 4 

cf. Upper lip divided by long, narrow, groove-like philtrum; 
iiitranarial portion of rhinarium shallow and narrow, median 

groove complete 

y. Snout not produce<l ; upper lip short, width of rhinarium ex- 
ceeding its height from the summit in front to edge of upper 
lip ; median groove strong. 
d. Infranarial portion of rhinarium very deep. 
e, Philtrum moderately broad 


Nasua. 


Procyoti. 

JBassariseus. 

Baemrieyon. 


e\ Philtrum very broad Fotos, 


d\ Infranarial portion of rliinarium comparatively shallow and 

philtrum narrow Ailurus, 


By this key Ailuropoday so far as it is possible to judge, would 
fall under hewing d' alongside Ailurus^ from which it differs in 
having the upper surface of the rhinarium covered with hair. 
The rhinarium is variable in the Ursidai, being comparatively 
highly specialised in Melursus (Ann. Mag, Kat, Hist. (9) i. 
pp. 378*379, 1918). 

The Feet, 

In describing the feet of the American genera, those of Nasna 
may be taken as a standard for comparison. 

The* claws of the fore foot are long, powerfvil, blunt and not 
greatly curved, and the digits are united by web, as described by 
Mivart, up to the proximal end of the digital pads. The under- 
side of the digits and of the webs is entirely naked. The plantar 
pad is broad, moderately well defined and four>lobed. The two 
conjoined carpal {mds, of which the outer is about twice as 
large as the inner, are together as wide as the plantar pad and 
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approximately equal to it in area . They ai'e respectively in conti^ 
with the inner and outer lobes of the plantar pad ; but in the 
middle line they are sepamted from it by a depressed area of 
smooth wrinkled integument. Above the carpal pad on the 


Text-figure 4. 



B D c 



A. Right fort! foot of Nasua natm. 

B. „ hind foot of 8amo. 

C. Claw of fore foot. 

I). „ hind foot. 

E. Right for© foot of Procytm lotor, 

F. II hind foot of same. 
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ulnar side there is a tuft of carpal vihrissse. The claws and 
digits of the hind foot resemble those of the fore foot, except 
that the claws are somewhat shorter. The plantar pad is four- 
lobed ; and above it the whole of the tarso-metatarsal area is 

Text-figure 5. 



A. HisHt fow foot of Potas. 

B. „ hind foot of sami*. 

C. OlttVfff and toes of fore foot of same. 

D. Right fore toot of JSa$8aricyon sp. ; digits not s|mw]. 
B* „ hind foot of same. 

F. Claw of fore foot of same. 


naked as far back as the tip of the calcaneum, although the 
proximal thir<l of the naked area is considerably narrower than 
the distal two-thirds. There are no definite metatarsal pads. 

The feet of Procf/on are a little less robust than those of 
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iVoatm, the pads are less well dehned and the olaws rather smaller; 
but the great and essential difference lies in the complete 
absence of iiiterdigital webbing, the digits being entirely fioe a« 
far back os the plantar pads. This very rare phenomenon in the 
Carnivora is pai'alleled only, so far as I know, in the Cmb-eating 
Mongoose AtilaXj and in both cases it is probably subservient to 
delicacy of touch in finding and handling food. 


Text-figure 6. 



A. Biglit foro foot of Jentinlia sumiehrasti, 

B. ff liifid foot of Hanic. 

C. „ fore foot of Saasariecus aaiutua ; immat. 
„ hind foot of Hame. 

(A, B. Sketched from dried akin.) 

Xi 


The feet of Poios * differ from those of Noma in that the 
claws are shorter, sharper, and more curved ; approximately the 
distal two-thirds of the digits ore free fiom webbing, and, in 
the hind foot, the lower side of the calcaneum is covered with 
hair, the hair-covered area cori*esponding to the narrow naked 
area in Nasua, 

* The feet of Fotoa were by Kidd to illustrate the development of the 

sensory ridges on the pads. feet from which these figures were taken closely 
resemble those examined by me, but the metatarsal pads seem to have been better 
developed (*The Sense of Xonch in Mammals and Birds,* pp. 24-^, figs. 9 A 10, 
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In Btmtxrkyon ^ the feet closely resemble those of Potos^ the 
CM^oaneum being hairy beneath; but the interdigital webs are 
nearly as well developed as in Nasua^ The claws are compava- 
tiv^y short and strongly curved and unlike those of Naaua. 

In Jenth^ia mmyohroBti^ the feet are seemingly very like 
those of Butmrioyon in the extent of the iuterdigital webbing 


Text-figure 7. 



A. Right fore foot of AUurus fitlgmit, 

B. The same with hair cut short and digits spread. 

C. Right hiud foot of same. 

D. The same with liair cat shoit and digits spread. 

Xi. 

and the length and curvature of the claws, but possibly they are 
somewhat narrower. The great difference lies in the lower 

• Beddard’g figure of the fore foot of this genus showing the presence of the 
oariMil vihrissse agrees dosely with my figure of this foot in the example 1 examined 

ana sketched (see Proc. Zool. Soc. 19li0, p. 663). i. ^ 

1 1 have unfortunate]^ only seen of this species dried skins with the feet 
dnrifdkd or strstobe^ iShic main features of the pads were diMemible, but I could 
not assure myself ol ^ constancy in shape and sise of the naked metatarsal area. 
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isurface of the metatarsus, which is for the most part dowered with 
hair, except for a lelatively short, naked, proximally jMurrowed 
area just above the plantar pad. In this respect the feet of^ 
Jentmkia differ from those of the above-mentioned genera. 

in Bassariscus astutna the feet are short, compact, and some* 
what like those of Gemtta, with shoidj, curved, sharp claws and 
interdigital webs extending nearly up to the digital pads. They 
differ from those of all the genera previously described in having 
tlie lower side of the digits and of the webs covered with short 
hair almost as far back as the plantar pads, which are thick and 
strongly lobed. Also in the fore foot there is a single subinedian 
carpal pad, which is elongated and narrowed proximally and much 
narrower at its distal end than the plantar pad, with wlucli it is 
filmost in contact. Furthermore, in the hind foot, the meta- 
tarsal area is covered with hair light down to the plantar pad. 

It is mainly on the strength of the differences obsei ved between 
the feet of Basaariacua oMutua and of JentinJda aumidhraati^ which 
by most autliors is referred to the genus Baaaariacua^ that I have 
preserved the genus Jeniinkia. It is necessary to repeat, how- 
ever, that I have only seen dried skins of J, ati/michrasti and only 
one spirit-pi-eserved example of B, aaiiiiua. Feet of dried skins 
of the latter seem, however, to agrei* with those of that example ; 
but admittedly more material is required. 

The feet of Ailurua differ from those of the American genera 
in the complete concealment of all the pads lieneath the clothing 
of long and thick hair which everywhere covers the soles and in 
the consequent reduction of the pads to appai^ntly functionless 
vestiges. Separation of the hair reveals vestiges of tlm pads as 
areas of naked, somewhat thickened skin, those on the digits 
being small subtriangular patches behind the base of the claws. 
The carpal pad is represented by a small subcircular patcJi remote 
from the plantar pad but there is no tiace of metatarsal j>ads. 
The plantar pads ai*e reduced to transverse recuived areas, 
expanded at each end towards the base of the first and fifth 
digits and sending forwards two angular processes, longer on the 
hind than on the fore foot, approximately in line with the tliird 
and fourth digits. A further difference between these pads is 
that the inner (preaxial) arm is longer than the outer (postaxial) 
on the fore foot, the converse obtaining on the hind foot. The 
digits are united by webbing to approximately the same extent as 
in Baaaariacuay and the claws are short, curved, and very sharp 

* This description of the feet agre^es in a gencml way with that puhlishod hy 
Flower (F. Z. JS. 1860, p. 754). He does not, however, mention the carpal pad, and 
describes the plantar as a larger, transversely oval, bare space [less than 

half an inch] across covered by pink soft skin.” I assume that ho did not trace the 
details of these pads to their full extent. Mivart w'ould never have described the 
claws of the Panda as ** blunt ” if he liad ever been scratched by them. The hairs 
on the soles of the foot of the Panda are a great disadvant^e in clinibiug smooth 
branches. It is only with considerable difficult^' that the animal can slowly ascend a 
stout branch, strippm of its hark, even when inclined at an angle of 46 degrees. 1 1 does 
so by means of the penetrating pow'or of the sh^p claws. It is not easy to suggest 
a meaning for the hairiness of tlm feet, since the animal does not live in a region of 
perennial snow. Possibly, however, it is to obviate slipping on wet branches. 
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0 


A. Hight fore foot of JtHuropada melanoleucn. 

B. „ hind foot of »a)ne, (Copied from Milne Bdwards’e ilgore.) 

0 . „ fore foot of JSuarcfos americanus. 

D. »9 hind foot of same. 
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From the above-given description it is clear that the feet of 
Atlu7*us differ very materially from those of all the American 
genera, to which it is supposed by some authors to be tolerably 
closely allied* 

The feet of Ailuropoda differ from those of AUurm and of the 
American genem in being essentially Ursine in three par- 
ticulars : — '(1) The fore and hind feet are approximately equal in 
len^h, owing to the shortening of the hind ; (2) the five nahed 
digital pads form a slightly curved transverse line, the second 
and fifth lying respectively alongside the third and foui’tb, and 
the first (pollical and hallucal) touching the second when the 
digits are in contact ; (3) the plantar pad is a wide naked trans- 
verse cushion, at least twice as wide as long and separated from 
the digital pads by a short area overgrown with hairs. 

The fore foot further resembles that of Utbus and Eum'cto$ in 
possessing a large carpal pad separated from the plantar pad by a 
long area overgrown with hair; but it differs from the fore foot 
of all the Ursidae in the marked preaxial projection of the 
plantar pad beyond the line of the pollex. This gives additional 
width to the foot, and is doubtless correlated with the great 
development of the radio-carjml bone, described by Lankester, 
which simulates an additional metacarpal. The hind foot differs 
from that of the typical Ursidoe in that the entire sole is covered 
thickly with hair from the calcaneum to the plantar pad. It 
must be remembered, how'ever, in this connection that in 
Thalar'ctos the corresponding portion of the foot is hairy, the 
metatarsal pad being reduced to a comparatively small lozenge- 
shaped area. The skeleton of the digits differs fi*om that of the 
UrsidsB, as Lydekker pointed out, in the presence of a bony hood 
at the base of the terminal phalange. In the latter particular, 
as in the remoteness of the carpal pad from the plantar pad, the 
feet resemble those of Ailiii'us, but they differ therefroih in the 
large size and exposui*e of the pads and in the alignment of the 
extremities of the digits. 

Excluding those of Ailuropoda^ the characters of the feet may 
be summarized as follows ; — 

a. Soles ^ of feet entirely and thicklv covered with woolly hair con- 
cealing the jiadi, which are rednccxl in extent and thicknosn to 
apparently functionless areas of naked skin ; carpal pad a minute 

naked area remote jrom the plantar jiad Ailnrus* 

a* » At least the digital, plantar, and carpal pads naked and well deve- 
loped ; carpal pad, or pads, comparatively large and in contact 
with the plantar pad, or nearly so. 

6. Area between digital and plantar pads hairy ; carpal pad single, 
much narrower than plantar pad; metatarsus coven^ with 

hair down to plantar pad Banari$cut» 

b\ Area ween distal and carpal pads naked ; carpal pads double, 
conjointly as wide as plantar pad ; at bmst a Hiualf naked area 
on metatarsus above plantar pa^l. 

<?. Naked area of metatarsus r^uced to a comparatively small 

patch, narrowing above Jantinhia, 

e\ Naked area of metatarsus extending over the greater part of 
that area. 
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d. Dibits enlirely free from webbing down to plantar pad Prooyon. 
d\ Digits united more or less by webbing beyond plantar 

pM. 

tf. Claws fostoriab long) strong* and blunt: digits fully 

webbed up to digital pads ; calcaneum naked mesially.. J^asaa. 
Claws shorter, curved, and sharp; digits less fully webbed ; 
calcaneum covered with hair. 
f. Digits united by webbing for about two-thirds of their 

length Baaaaricyon. 

f. Digits united by webbing for about one-third of their 

length beyond plantar pad Poto 9 , 


Text-figure 9. 



Ventral view of Pcffos, showing the median cutaneous glands, tbe position 
of the prepuce, etc. 

Cutemeom and Ami Glands, 

The only genus, known to me, which has specialized cutaneous 
glands, apart from those connected with tlie anus, is Pottos, In 
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this genvis there are two in the middle ventral line, one anterior 
and the other posterior. The former consists of a comparatively 
small patch of skin, scantily covered with short hairs and 
situated just in front of the anterior end of the sternum ; and 
the latter, which is structurally similar to it, of an elongated 
tract on the abdomen, extending in the male from a point just in 


Text-figure 10. 



A. Anus and vulva of Ailtirttsfulffens. 

B. „ scrotum of same. 

C. „ vulva of Frocyon lotor, 

D. „ scrotum of same. 

(In A and I) the orifices of the anal {glands are shown ; in D the siae and 
position of the gland of the left side is dotted in.) 


front of the prepuce, where it is narrowed, over the umbilicus to 
the posterior end of the sternum. 'J'hey nre similarly placed and 
equally well developed in the female. These areas are not 
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.tiOLVply qircumscribeti at the. margins, and the glandular portion 
is composed of well-developed normal skiri glands *. 

Poto8 also has a considerable amount of nearly naked skin on 
the lower jaw and round the mouth. This, however, does not 
appear to be especiallv glandular. Probably the absence of the 
hair serves to keep the lips an<i chin clean from such sticky 
substances as honey, on which the Kinkajou feeds. 

In Proci/on, Nama^ and Poio8 the anus, like that of the 
Ursidee, Canid®, and others, opens in the centre of a circular, 
slightly protuberant area of naked skin, separated by hair from 
the scrotum or vulva. As Mivart stated, there is a pair of normal 
anal glands in Procymi like those of the Canidse, but relatively 
a little smaller. Mivart also states that these glands are present 
ill Polos ; but 1 entirely failed to find even a trace of them in 
two examples, a male and female, the result of my examination 
confirming Owen's statement that they are absent (Prcx;. Zool. Soc. 
1835, p. 122). Beddard does not appear to have looked for them 
in Ba88arici/07i. Their presence in Baasariseus was recorded by 
Gervais in the following passage ( Voy. de la ‘Bonite,* i. p. 19) : — 
“ Une petite plaque crypteuse circumanale existe la terminnison 
de rintostin, comme dans les Mangonstes, mais elle est moins 
grande que dans ccs animaux et t\sa surface debouchent de m^me 
les deux conduits des glandes anales.” Although this passage 
suggests the presence in BassaHscus of a circumanal pouch like 
that of the Mongooses, I am disposed to think Gervais wjwa merely 
describing tlie buttou-like area of naked skin immediately sur- 
rounding tlie anal orifice, such as is seen in Procyo^i or 
This supposition is borne out by what he says as to the position 
of the orifices of the anal glands ; and is further supported by the 
absence of a circumanal ixiiicb in the male example of Bassa^'isciis 
X examined. 

In Nasua anal glands are present, but in a much modified 
form, Jis Mivart j>ointeil out. When the anus is opened, they 
fippear as a series of four or five parallel slits, each series being 
set just within the orifice. The slits are the apertures of as 
many nan'ow kjics formed by the folding of the anal integument. 
These glands are quite difiTerent from those of any Carnivoi'e 
known to me, and serve to differentiate yasfta tolerably sharply 
from its allies. 

Flower described the anus of the male of A Hunts, pointing out 
the presence of a pair of normal anal glands and of a glandular 
area round the anal orifice. In the male I examined, the 
integument round the orifice corresponding to that seen in 
Pro€t/ 07 i, for example, is highly glandular, and partially insuUk so 
as to suggest the anal pouch of the Mungotid®. Hound it there 
is a considerable area of naked skin extending inferiorly to the 

♦ Tliese glaiuln aro ronv«*niently plnml for nihbing the secretion along the 
hranchos of .trees to enable Kinkiuous to tn^k each other by scent. Although I 
have never noticed these animals bohaviii^ in a way to suggest that that is the 
function of the glands, I <lo tiot doubt that it is so. 
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Bcrotum, and frpm it .the glandular central area is somewhat 
sharply marked off*. 

Text-figure 11. 


B C 

A. Anus and gcrotum of Na$ua »asna. 

B. Anus of NatiM opened to show the glands ; the upper margin of the 

anus below. 

C. One of th«' anal glands of N'aaua in vertical section, showing the 

series of pouches opening upw'ards and the underlying muscle. 

D. Anus and vulva of Poto$, 

The adult female possesses a similar glandular depression round 
the anus, but the sun*ounding area of naked skin is not so wide 
above and laterally, although extending inferiorly to the vulva*. 

In an immature female, six months old, the anus is like that of 
Ttooyon^ showing no special development of glands. 

The four genera I have examined may be tabulated as follows 
by their specialized scent-glands : — 


a. Anus opening in the centre of a shallow glandular pooch like 

that of the Mungotidas ; uomial anal glands retained Ailurut, 

a\ Anus as in ordinary Carnivora t- 
h. Anal glands snppressed; two ventral cutaneous glandular 

areas PotM* 

h\ Anal glands retained ; no ventral cutaneous glands. 

c. A pair of anal glands of the type normal in the Carnivora.. and 

d. Anal glands peculiar, consisting of a series on each side of 

five shallow slitdike pouches NanM, 





* Adults of both sexes of the Panda have the ^bit, so well known in the 
Mongooses, of rubbing the secretion of the anal region on the branches or other 
parts of their cage. 

t On the assumption timt my interpretation of Gervais* description of the anus of 
is correct. 
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Nothing is known of Ailuropoda with respect to specialized 
cutaneous or anal glands. The’ latter are probably present and 
the former absent. No specialized cutaneous glands have been 
discovered in the Ursidte; but the anal glands are present or 
ansent. Owen declared them to \>e absent, and I failed to find a 
trace of them in Uraua arctoSy the type he probably examined. 
In an example of Muarctos americanusy however, I detected the 
normal pair, though relatively much reduced in size. Tlie anus 
in this family resembles that of the typical Procyonidie. 


External Genitalia, 

In Procyony Naenay PoioSy and Basearisomy and presumably in 
Basearicyon, the prepuce is abdominal and far in froiit of the 
scrotum, as in the Canid®, Ursid®, and Mustelid®, and the penis, 
which is supported by a long bone (baculum), is susceptible of 
protrusion from the preputial orifice for the entire lengtli of the 
bone. The aperture of the urethra is on the ventral side of the 
bone in some vascular tissue which can be stretched to a certain 
extent beyond the apex of the bone. 

In Ailuru8y however, as recorded by Flower, the penis is com- 
paratively quite short, the prepuce being close to the scrotum as 
in the Felhhc and Mungotida?, although the penis is longer than 
in those families and structurally resembles that of the genera 
referred to tho Procyonid®. 

Hodgson declared that Aih/rae lias no scrotum; and in the 
male examined by Flower that sac was represented by a pair of 
swellings between the anus and prepuce, tho testes being internal. 
But in the male seen by me the testes had descemled into the 
scrotum, which formed a quite <Hstinct swelling below the anus, 
though not so constricted at the neck as in the examples of 
Procyouy Nasuay and Potoa examined by me *. 

Tiie baculum of Procyon loior has long been known. It was 
figured by Hlainville (Ost. de.s Mamm., Atlas i., Suburms, pi. viii.), 
and refigured and described by Gilbert (Morph. Jahrb. xviii. 
p. 818, pi. xxvii. fig, 8, 1892). It is relatively longer than in 
any other species referred to the Procyonida*, surpassing 100 mni. 
along the upper curvature, the distal third of the bone being 
bent downwards. The apex is expanded both transversely and 
vertically, and forms a pair of condyle-like lobes separated by a 
deep notch. 

According to Hollister, the baculum of Procyon canorivorua 
(referred to the subgenus Evprocyon) is less curved than in the 
typical form, P. lotor ; but the curvature is subject to a great 
deal of variation in the latter, t. «. from an angle of 135^ to 90°. 

In Naaua the baculum, as shown in Blainville’a figure (loc,ciL)y 

• Jt may Ikj addetl that Flower appeared to be quite wnowaro of the interest of 
tlie fact when he pnbliehed the diacoveiy of the proximity of the prepuce to the 
scrotum — a peculiarity in which AiUtrua ditfere from all other Arotoid Carnivora. 

Paoc. ZooL. Soc.-^1921, No. XXVIII, 28 
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Textrfiguie 12. 



A. Ventral view of scrotum and prepuce of Froeyon htor, showings 

the abdominal position of the prepuce. 

B. Lateral view of penis of same partially protruded from prepuce, with 

bristle thrust into urethral apeHure ; bacnlum dotted in. 

C. Anterior view of extremity of penis of same, with urothral orifice 

between condyles of baculuin. 

D. Inferior view of distal portion of penis of same, showing course of 

urethral canal. 

E. Lateral view of penis of Kasua na»m partially protruded ; the 

slack ventral tissue pulled forwards ami bristle thrust into 
urethral apertura. 

F. Upper view or same. 

G. Lower view of same. 

H. >, „ penis of Pof os partially proirud(!d. 

I. Ventral view of scrotum and prepuce of Ailums fulyens, showing 

scrotal position of prepuce. 

K. Lateral view of penis of same protruded almost to full extent, with 
bristle passed into urethral orifice with loose ventral tissue. 

All figures except H.X i. 
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ig fiftwgfet oridigbtly oiTrired aad normally* subcylindricai and 
atteamted, with the apex expanded transversely and somewhat 
abruptly to a considerable extent. The sides of the expanded 
portion ai^e rounded, and the distal margin is tolerably evenly 
truncated or mesially concave, so that' the tip is slightly bilobate. 
The lower surface of the expanded termination is lightly convex ; 
the upper to a corresponding degree concave. 

In an adult male of each of the two species examined, namely 
Nama iiasna and N, naricay there is a difference in the length 
of the baculum. In the former species it measures 63 mm., in 
the latter 77 mm. Possibly this is a specific character t* 

Tiie bticulurn of Nmuella is, I believe, unknown. 

The baculum of Ba^ssarUoua wiis figured by Plain ville (Ost. des 
Mamm., Atlas i., Muateldy pL x.), and described and figured by 
Gorvais ^ Voy. de la ‘ Bonite,' i. p. 20, Atlas, pi. iv.). Disregard- 
ing the club-shaped base, it is tolerably evenly attenuated up 
to the apex, which has a simple undivided slightly depressed 
thickening, like the button on a foil. In the specimen figured by 
Blainville it was rather strongly upcurled in its basal third, with 
a sliglit downward distal curve, and measured about 50 mm. In 
Gervais’ specimen it \vas stmigliter and measured the same, 
which, jmlging from the figure of the skeleton, was about two- 
thirds the^ liasal lengtli of the skull. In the young example of 
Bmsanscm examined by me — an example in the stage of the tooth 
change, the milk premolars being still in place — the kacnluin, 
resembling in all essential particulars that figured hy Gervais, is 
less than half the \msal length of the skull, the latter Ijciiig 
65 mm. and the bacnilum 30 mm. 

The baculum of Jeniinkia sumwlmisii as figured and described 
by LonnlK?rg (Anat. Anz. xxxviii. p. 232, fig. 2, 1911) iru^asiires 
43 mm., is straight and subcylindricai, n c. only gradually nar- 
rowed from the distal to the proximal end. The tip is a simple 
rounded condyle-like thickening ; but close l^ehiiid it, rather on 
the underside of the batnilum, there is a pair of smaller rounded 
condyle-like tubercles, recalling the similar accessory processes in 
the baculum of PoioSy which, however, projeert upwards and out- 
war* Is, 

As I have elsewhere remarks*!, the baculum of Jeniinkia is 
very like that of the Musteline Qvhimy except that the post- 
apical processes in the latter are dorsal in direction. The pre- 
sence of the two tubercles in question distinguishes the baculum 
of Jeniinkia from that of Bassariscus. 

The only ac'count of the haevtlum of Bamaricyon known to me 
is that of Hollister, who described it as “ 32 mm. in length, 

* In one of Ifcnma n^m» the hone »hows an abnormal Battening on the 

right side, , , , 

f In an adult but eastraUHl male of IVatau na^ua the baculum measures only 
58 mm., and ia exceedingly slender without any thickening at the proximal end. 
The penis was correspondingly short as oomparod with that organ in the entire male. 
One would perh^s expect the operation ki question, if performed early in life, to 
affect the development of the haculuui. 
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Alighfcly bowed, and much less distinctly bilobed anteriorly thoii 
in Brocyon or EuprocyonB I infer from this description that the 
baculum is of a simple type, resembling somewhat closely that of 
Nmtia, I presume the bone was taken from an adult animal. 
If so^ its small sisse as compared with that of PotoB and the 
difference in the formation of the tip are interesting,. although 
there is, of course, no reason to suppose that Bmaaricyon is in 
any way nearly related to that genus despite their superficial 
rasemblance in some particulars. In connection with the com- 
parative shortness of the bone, it must be remembered that 
Baasaricyon is the smallest member of the so-called Procyonida?, 


Text-figure 13. 



A. Upper sitle of baculum of Foto», 

B. The same of Baasaritcui astutus (immat.). 

C. „ „ Ailuruafulgene. 

I). „ „ Kaaua naava. 

E. Proximal end of baculum of Ailnrtia from below. 

P. Lateral view of baculum of tlie same. 

G, „ „ „ Baaaariaeua aatutua (after Blainville). 

H. „ „ apex of baciiliiin of Naaua, 

I, The bame of Jea^tnAta (after Lduuberg). 

K. „ „ Fotoa, 

L. Upper side of tip of baculum of JenUnJcia (after Loniibcrg). 

Pigs. A, D, H, K X i ; the rest natural size approximately. 

In Potoa the baculum is somewhat shorter than in iVhsua, but, as 
in that genus, it is straight or slightly curved, subcylindrical, and 
attenuated. The apex differs from that of all the geneni referred 
to the Procyonidae. It ends in four condyle-like processes, one 
smaller, directed upwards and outwards on each side, and two 
at the end separated by a wide and deep notch* The two 
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bacula of thi« genus which I possess dift'er a little in length and 
in the development of the terminal processes. One measures 
65 mm., the other 60 mm. The former is narrower at tlie base, 
but slightly thicker at the neck behind the two proximal pro- 
cesses, and these are smaller, a little less salient, and directed 
slightly le«s upwards. The baeulum is wider across them than 
across the terminal processes, which project straight forwards and 
converge slightly at their inner angles, so that the notch between 
them is a nearly complete oval. In the shorter of the two the 
proximal processes are larger and the terminal processes diverge 
slightly from the middle line, so that the width across them is 
equal to the width across the proximal processes, and the notch 
between them is wider, and not narrower, at its mouth* 

Flower f]gui'e<l and descril>ed the baeulum of Ailurus, Con- 
forming to the size of the penis, it is relatively very short, being 
only about an inch in length*. Its iipper side is markedly con- 
cave, owing to the slightly upturned apex and the rather strongly 
elevated base. Its proximal half is flat below but compressed 
and cjirinate above. The tip is a little expanded and truncated, 
with roiuided angles and only very obscurely bilobed, and there is 
a short median gi’oove on the upj)er side just behind the tip. 
The epithet spatulate applied by Flower to the tip of the 
specimen he examined, does not express the shape of the termi- 
nation of the bone in my example. This bone measures about 
23 mm. 

By the penis and baeulum the genera may be distinguished as 
follows : — 

a, Penin sluirt, prepuce clone to scrotum ; bnctihmi short, its apex 

simple and upturned, its base with a high ke<*l . . ... AiUnts. 

a\ Ponis long, prepn<5C abdominal ; baeulum long, not uj>curlcd 
apically, its base clavate, not strongly keeled. 

b. Ihiculum ending in four short, radiating condyle>like branches. JPotos* 
h\ Baeulum ending otherwise. 

c. Baeulum curveil downw'ards distally, its apex forming two 


rather deeply cleft oondyle«like processes Procyon. 

c\ Baeulum straight, or nearly so, distally, its apex at most 
indistinctly bifid. 

d. Baeulum with expanded, flattened, subspatulatc, indis- 
tinctly bifid extremity Nasua 

(and ? Bassaric^on)^ 

Baeulum with rounded apex. 

e. Two small oondyle-like processes just behind the apex ... Jentinkia» 
No acoesaory processes behind apex 'Baeaariteus. 


The length of the penis and the position of the prepuce, two 
very important points in the classification of the Carnivora, 
are unknown in AUuropoda. The Ursidte resemble the typical 
Procyonidaa in those character ; and in all the species 1 have 
examined the baeulum is a long, stout, distally tapering bone, 
with a simple termination. 

* That is to say about oue-third of the length of the baeulum in Pofos, a smaller 
animal. 
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Tliere is very little to say about the external genitalia of the 
female. In Froeyon and AUurua the vulva occupies the same 
I'elative position as in Canidm and Ui'sid«a. In both genera it is 
an oval or egg-shaped excrescence, with hairy labia surrounding a 
central pit, the clitoris being a small excrescence near the lower 
edge of the pit, and above the clitoris is tlie orifice of the vagina. 
In Ailurus the clitoris contains a small bone; but I have no note 
of this in Procyon* In Potoa the vulva is relatively a somewhat 
shorter angular prominence, with the orifice forming a tmnsverse, 
not a vertical, rima — an adaptation possibly to the width of the 
tip of the baculum of the male. I found no clitoris within the 
orifice. Beddard did not describe the vulva in the female example 
of Basaarioyon he examined. 


The External Character e as a Guide to Claesifioation* 

A review of the above -recorded characters brings to light 
some interesting facts bearing on the classification of the genera 
examined. 

There is nothing special to say about tlm vibrissi'e except their 
high dev^elopment in Nuem. 

The external ear shows in its variation generic fetitures, but 
practically no evidence of close intergeneric kinship. 

Tlio muzzle and rhinnvium also exhibit good generic chaiactors ; 
while the rhiuarium of JS^aeua differs markedly in its specialization 
from that of the rest. 

In the cfise of the feet, however, a marked diifereiice may he 
noticed between Aihmts and the rest. In the latter a gradation 
may be traced from Bassariscus through Jentinhia to Bassaricyon^ 
from the latter to Nasua on the one side and to Polos on the 
other, and from Potoa to Procyon. 

Ailurus also stands alone in possessing a specialized glandular 
aren round the anus. TTie presence of normal anal glands Imth 
in Ailurus and Procyon merely indicates the mutual inheritance 
of a primitive feature ; but the modification of these glands mot 
with in Nasua is an acquired difliereutiating peculiarity, as also 
is their loss by Potos, The latter is also peculiar in the possession 
of the ventral glands. 

iTiually, Ailurus differs markedly from the rest of the genera 
in the scrotal position of the prepuce, the shortness of the penis 
and baculum, and the struiJture of the base of the baculum itself. 
The others retain the primitive af)domind.l position of the prepuce 
and the U^xge baculum seen in typical Arctoids, all Oyuoids, some 
uffluroids (e. g. Cryptoprocta), and the Pinnipedes. 

The al)Ove-mentioned peculiarities of Ailurus^ couj^ed with the 
better-known peculiarities of the skull and teetl^ justify the 
severance of that genus from the American Procyonidie as pro-, 
posed by Gray and upheld by Gill, Turner, and Flower, though 
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•ubsequently abandoned by the latter and by most recent 
authors. 

PotOBj too, has several peculiarities in its external characters as 
well as in its skull and teeth ; and probably no one will cavil at 
the adoption of Troiiessart’s view that it should stand as the 
represeptative of a special subfamily of Procyonidje, namely 
Potosinm. 

The status of the remaining genem is not so easy to settle. 
Taking first the older known forms, Procyon, Namci^ and Basea- 
rweu&, there does not seem to be evidence of any close affinity 
between them, a fact clearly perceived by Gray and Gill, although 
by making Noma and Procycm the types of special subfamilies of 
Procyonidie, Gill expressed his idea of closer kinship between 
them than lietween either of them and which he kept 

in a family apart. Even quite recently Hollister has adopted the 
view that Btmarisem should rank as a separate family. 

The discovery of Baamricymi^ since the time of Gray and Gill, 
does not help matters, since the genus is equally isolateil and 
seiwes in no respect to affiliate any two of the other three. The 
four genera, in fact, difier in a large nuuiherof cljaracters, to any 
one of which full generic value would be granted nowadays; and 
the logical inference to be drawn from this argument is that the 
sum of the characters demands sii[)ergeneiic recognition, wdiicb 
should be expressed systematically by elevating the genera to the 
rank of subfamilies. Further justification for tliis course may be 
found in following the present day tendency to grant full generic 
value to the cbanicters upon which such forms as Enfrocyon^ 
N(tmella^ and Jeniinkia were foinide<l. We shall then have the 
l^ocyonince, the Nasuince, and the Bassariscina? with two genera 
each and the Bassaricyoninae with one. 

TJie Posi/ton q/^ Ailuropoda. 

The question of the systematic po.sition of A iluropoda cannot 
be pass^ by in a paper dealing with the Procyon id®, since the 
genus has been referred to that family. Milne Edwards con> 
tented himself w-ith pointing out the resemblances between 
Aiiiiropoda and AUurtis on the one hand, and Ailuropodu and 
the Ursidm on the other. And, so far as 1 am awai^e, Mivart was 
the first author definitely to state the opinion that Ailuropoda is 
more nearly akin to the Procyonid«e, with which it is affiliated 
through than to the tJrsidie ; and this opinion found 

piuctical expression in the ascription of Ailuroj^oda to tlie 
Procyonidse*, under a special subfamily also including Aihtms. 
Mivait’s view was adopted, with the support of much Additional 
evidence, by Lankester and Lydekker, and Mivart's classification 
was independently reached. Finally, Beixlenfleth attempted to 
show that Floww was right in classifying Ailuroptda in the 
XJrsi<l«s. 
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Bardenfleth appears to have been much influenced by Winge-s 
opinion on the homologies of the cusps in pni, 4 of the upper 
jaw, which, admitting its con’ectness, shows that the structure of 
the tooth in question lessens the evidence for the affinity between 
Ailuropoda and Atluncs and strengthens the evidence for affinity 
between the former and the Ursula?. The points are: — (1) The 
antero-internal cusp of Jilurus corresponds to the postero- 
internal cusp of AUurop)oda\ (2) the postero-interiial cusp cf 
Ailurm is unrepresented in Ailuropoda and the antero-internal 
cusp of Ailuropoda is unrepresented in AUurm; (3) the postero- 
internal cusp of Ailuropoda corresponds to the postero-internal 
cusp of the Ursidse ; (4) the antero -external and antero-internal 
cusps of Ailuropoda are unrepresented in the Ursidfie — in other 
woi’ds, pm. 4 of the maxilla of the Ursidse corresponds to the 
posterior half of the same tooth in Ailuropoda, with the further 
difference that the inner and posterior roots of this tooth in the 
Ursidie are, except in abnormal cases, fused. Nevertheless, tlie 
resemblances between this tooth in Ailuropoda and Ursidaj do 
not, in my opinion, justify the conclusion that Ailuropoda is a. 
in ember of that family. For, if the tooth in Ailuropoda is not 
Ailiirine or Frocyonine, it is certainly not Ursine. It is peculiar 
and stands hy itself, so far as living Carnivora are concerned. 

Some of the characters cited lus of systematic value by L^dekker 
and Bardenfleth are too inconstant to be of use. Steno's fissure, 
the cleft between the anterior palatine (incisive) foramina, is 
cited by Lydekker as diagnostic of tlie Procyoninae, restricted to 
tlie American genera, which have it, and the Ailuriim?, including 
Ailurus and Ailuropoda^ which are without it ; and Barden fletli 
states that it is present in Ursiis and absent in Ailu'i'ua and 
A^iluropoda. The actual facts are as follows : — ^Even in the com- 
paratively small series of skulls belonging to the Zoological 
Society, I find this fissure present in an example of Ailurus, 
where it is represented hy a groove terminating in a foramen 
which passes up into the nasal passage — a condition which it 
commonly presents, even within the limits of the genus Frocyon. 
As for the Ursidee, it varies in size from a long cleft to a 
minute orifice, thiough which a needle-point can only just be 
passed. 

Lydekker, endorsing LankesteFs statement, also draws attention 
to the “important fact that Ailurus and Ailuropoda resemble 
Abe American Procyonidm, and thereby differ from all other Car- 
nivora, in the presence of two lobes or cusps on the inner or 
tubercular portion of the upper carnassiah” Even if her had said 
“ some of the American Procyonida3,” the statement would not 
have been true, because both Ildictia and Taxidea, two of the 
MustelidsB, have two cusps on the inner portion of the tooth. 
Again, ^'•JEhiropm approximates to the Bacoon in the absence of 
postorbital processes of the frontals.” This is not true, the frontal 
postorbital processes being well developed in all the skulls of 
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Brocj/ 0 n I possess Further on we read : A point of resemblance 
between and ^luroptLS is to be found in the circumstance 

that the maxillary [preorbitalj foramen opens on the side of the 
skull well in advance of the zygomatic root, whereas in jElarus 
and Prooyon it perforates the zygoma itself.” So far as this 
statement is applied to the Ursidie, it is contradicted by the 
Malayan Bear, in which the foramen perforates the zygoma exactly 
as in Ailnrus and all the AmericJin Procyonidm. I may also add, 
ill this short-lieaded species of Ursidte the zygomatic width of the 
skull bears to the basal length about the same proportion as in 
AUuropoda^ thus contradicting Lankester^s statement tliat “in all 
Bears the skull is much longer and narrower both in its facial 
and cranial regions than in the skull of ^Eluroptts,'* Bardenfieth 
similarly wrongly contrasts jEluropm with Ursm wlien he says 
of the former “ zygomatic arches exceedingly wide ” and of the 
latter “ zygomatic arches inodemtely wide ” ; and his statements 
that the basioccipital is broad and the bulla not inflated in Vrsiia 
are not always true of the species in question. These cor- 
rections, however, are of no great moment in settling the degree 
of kinship between the Ursida?, Ailaropoda^ and Ailurm -—thM 
point at issue between the authors ((noted. What they prove is 
tiiat the resemblances between the genera concerned are closer 
than either a\ithov claimed. 

My own opinion about the matter is tliat Lankester and 
Lydekker, as BardenHeth held, overrated the resemblances be- 
tween Ailuropoda and Aihmis and underrated the differences ; 
and that Bardenflcth underrated the peculiarities of Ailuropoda 
which distinguish it from the Ursidae. TJie attempt to ()lace 
A ilaropoda in the Procyonidm makes the definition of that family 
an impossibility. For example, every character used by Lydekker 
for defining that family has its exception. The same criticism 
cannot be advanced against its inclusion in the Ursidae, because in 
one or two well-marked characters, like the structure of the feet, 
the length of the tail, and the presence of w. 3 in the mandible, 
Ailuropoda and the genera of Ursidae resemble each other, and 
differ from Ailurm and the American genera assigned to the 
Procyonidte. But since the assignment of Ailuropoda to the 
Ursidie disturbs the homogeneity of that family, which ah*eady 
has some half-dozen well-defined genera, I prefer to regard 
Ailuropoda as the representative of a distinct family. The genus 
is neither Ursid nor Procyonid, but something distinct from 
both. 

* Bardenfieth also is wrong in stating that Melursm is without frontal post- 
orbital processes. 

t Fig. 3, Pi. xix. of Lydekker's paper 4Tr. Linn. Soo«, Zool. vol* viii.) is part of the 
skull of an Vrtusj not of a Frop^on as labelled. 
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Diehotomous CJmsification qfthe Ursidmy Ailuropoda, Ailurus^ 
ami the Procyonidce, 

Although this method of classifying animals has its disadvan- 
tages on account of its deceptive simplicity and its concealment 
of cross resemblances, it has the convenience, if not admittedly 
artificial, of presenting clearly the cliaracters relied upon by the 
author and of expressing his views as to the kinship of the 
groups concerned. 

a, Feot 9 hort aud broad, digits suboqual, tljeir pads forming a lightly 

curved line in front of the broad plantar pad. Tail reduceeji to an 
anal operculum. M. 3 of mandible retained. Carotid foramen 
Nituatod at posterior end of bulla, close to /bramen lacerum 
posticum. 

a'. Cheek teeth comparatively small, especially pm, 1-pm, 3, whiidi 
are mostly unicuspid and one-rooted, but pm, 1 larger and nioic 
persistent than pm, 2 ; upper pm. 4 at most tricuspid, its inner 
root iiorinally fused with the posterior root. Lower pm. 4 short, 
unicuspid. goma arising approximately above the middle of 
m. 2, which is far in advance of the meso^terygoid fossa, the 
latter preceded by a long edc^itulous posterior palate. Alisplie- 
iioid canal present. External auditory meatus with its iloor 
produced to reach approximately to end of thick mastoid process. 

Mandible not thickened on inner side of coronoid, which does 
not conceal m. 3 and is comparatively low and hut little hooked ; 
angular well developed, condyle and glenoid suiface not uhnotin- 
ally wide. Fore foot witliout long radio-carpal sesamoid etc.* IJRBiniE. 
a^. Cha'k teeth excessively developed, except pm. 1 of upper jaw, 
which is minute in maxilla, and absent in rnamlible; pm. 2 of 
maxilla and pm. 2 and pm. 3 of mandible tricuspid ; pm. 3 of 
maxilla sexcuspid ; pm. 4 of same, with three large outer and two 
large inner cusps, its inner root not fused with posterior loot;* 
lower 4 long, tricuspid. Zygoma arising opi>roxiniately above 
middle of m. 1; posterior end of m. 2 reached or overlapped by 
anterior end of niesopterygoid fossa ; no long edentulous }K)8- 
terior palate. Alisplienoid canal absent. External auditory 
meatus witli its floor abbreviated and falling far short of 
long compressed mastoid. Mandible thickened on inner side 
of coronoid, which conceals m, 3 and is high and hooked ; angular 
much reduced ; condyle and glenoid surface abnormally w ide. 

Fore foot with long radio-carpal sesamoid etc.* AiLVBOPoniiiiK. 

b. Feet comparatively long and blender f, digits unequal, with their pads 

arranged in a strongly curved line round tlie comparatively narrow 
jdantar pad. Tail at least long enough to reach the ground. M. 3 
of mandible suppressed. Carotid foramen on inner side of bulla 
well in advance of. /’orame# lacerum poaticum. 
b'. Penis short, prepuce close to scrotum. Pads of feet reduced and 
function less, completely concealed by woolly hair; carpal pad 
remote from plantar pad. Anus in centre of glandular depressed 
area. Pm. 2 and pm. 8 of maxilla large and three-rooted ; pm. 3 
quiiujuecuspid and closely resembling pm. 4. Alisphunoid canal 
present. Foramen rotundum minute, lying beneath for. lac. 
ant., the two separated by a very thin plate of bone and sunk 
in a common pit; foramen ovale elongate. Anterior edge of 
coronoid inclined forwai'ds ArLij|itt».B. 

* For other skeletal characters distin^ishing the Ursidn and Ailuropodidtt, see 
the papers by Lankester, Lydekker, and Batdenwh. 

t It is hardly an exaggeration to say that there is no such thing as a plantigrade 
carnivore. They all rnn and walk on the digital and plantar pads, whether they are 
cats, dogs, bears, or badgers. Pears, when standing on their bind legs, and some* 
times when walking, place the metatarsal pads on the ground ; hut generally these 
pads, like the carpal pads, are raised trom the jCTound m ordinary progi'ession. A 
naked metatarsal area does not indicate platigradism, as has been supposed. 
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53 . Peniifi loiiR, plrcpuce abdominal, romoto from sc/otum. Feet with 
digital and plantar pads normally develoi>ed aud quite naked; 
carpal pad or pads also well developed and close to the i>]aiitar 
pad. No glandular area round anus. Pm. 2 and nw. 3 of 
maxilla comparatively' small and one- or tuo^rooted* * * § ; jtm. S 
unlike pm. 4, at most with one main cusp and three minute 
cusps. Alisphenoid canal absent. Foramen rotundum of 
normal sise, well separated from the for. lac. ant. and not sunk 
in a common pit with it; foramen ovale munded. Anterior 

edge of coronoid inclined b^kwards Peoci onid^. 

c. Mandible very nmseive, the rami early fiised by a long sym- 
physis, the lower edge straight by the growth posteriorly of a 
large lamina, sometimes rounded, sometimes angled, beneath 
the angular process, which is reduced to a sinall eYciescence 
beiKHith the* condyle f; inner dentary foramen lieneuth base of 
anterior edge of coronoid. Palate parallel-sided, as wide in 
front ns behind, doprt'ssed liehind molars; paroccipitals and 
mastoids standing away from bulla, which has carotid fora- 
men set forwards much nearer for. lac. med. than for. lac. 
post. ; inolai's even when newly cut Hat -crowned ; pm. 1 absent 
above and below it* Tail prehensile. Two ventral cutaneous 

glands Anal glands aborted . Potosince. 

c\ Mandible slender, the rami sejiamhle and with normal sym- 
physis, lower e<lgo arched and inclining upwanU without 
expansion towards angular process, which is well developed 
and close beneath the condyle; inner dentary foramen about 
midway betwciMi the condyle and the auterior margin of the 
coronoid. Palate with arcuate sides, aider behind than 111 
front, not depressed behind molars; paroceijnialsand mastoids 
aiising close to the bull®, which have the carotid toranien 
about equally distant from for. lac. med. and for. lac. post.y 
or neoi'er the latter. Molars cuspidate when newly cut ; pm. 1 
present. Tail not prehensile. No ventral glands. (Anal 
glands retained in Uassariacus, Proc^oti and Nastuxy unre- 
coided in Bassariepon.) 

d. Mosopteiygoid fossa long, extending to posterior molars; 
niolat*N and pveinolars wdth pointial or blade-like cu.s])s ; 
amines rounded in section, not grooved and notmutuall.v 
sharpened. Ihirsi of ear with anterior flap emarginate, 
posterior flap atlached behind edge of pinna. Metatarsus 
with at most a small rnikcHl area above plantar pad; claw.s 
short, sharp, curved ; digits fully webbed or nearly so. 

Facial iiortioii of skull and zygoma as under c; hamular 
in front of Ibnunen ovale; no supplementary foramen 
behind carotid .... Bassariscinee 

d'. Mi'sojitcry go id fossa short, separatetl from iiiolar.s by' a long 
Jiosterior ]i:ibite. Molars with subequal conical comiwira- 
tively blunt cusps ; canines grooval. mutually' sharpened. 
Jlursuab.sent or reduced, its anterior flap at most very low 
and not excised. Metatarsus naked beneath. 


* Exeejilionally^ in Protyon, pin. 3 is three-rooted. 

t This at all events is, I believe, the correct interpretation of this region of the 
mandible. 

J Huet figures a mandible with it present on the right side. 

§ Hollister gave full family rank to this group, bwause “ The Cacomistles {Bassa- 
ri8cns}y while exhibiting many of the chanictors of the Procyonidie, dirters so 
greatly in the nutuie of all the t(*eth that it seems impossible to retain them in the 
tamily. The dog-like prcrnolars and molars, the rounded canines, and the evident 

though sninll st'condary lobes on the incisors all show unmistakable characters 

of ‘the teeth of the t'anuhu,’' Ncvei’theles.s, by a series of comjmrativcly simple 
changes, the tet'th of Bnssarisrus can bo d<*rived from those of such a Procyonid as 
Naeuay for example, or vice versa, and the secondary grooves and lobes on the 
incisors are not always more marked in JBnesariacus tluin they are in Potos, and the 
grooves are often tracenhle in other genera. The teeth of all the genem attest the 
extreme plasticity of those organs. (8ee above, p. 418 ) 
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THE EXTERNAL CHARAGTEHS OF THE FAOCYONIDiK. 


e. Skull with muzzle short, uot compressed abov^ preorbital 
foramen close to anterior rim of orbit, which is above 
pm, 3 or pm, 4; inferior edge of untenor nares nonnally 
formed ; canines only rnotlerutoly sharp^in front ; pos« 
tcrior root of zygoma not abnoruiall)^ expanded; 
typically no supplementary foramen on inner side of 
bulla between carotid and ^/braman lacerum poHieum, 

Upper edge of rhinarium* not produced, its anterior 
surface convex, with normal nostrils and wide septum, 
f. Mastoid small, not bigger than paroccipital and 
hardly surpassinc auditoiy orifice ; carotid foramen 
not behind middle of bulla; foramen ovale well 
behind tip of bamular; ridges of posterior palate 
marginal. Claws short, sharp, much curved ; digits 
webbed for t\\ o-thirds of tlieir length. Snout not 
pro<luced; upper lip divided by wide philtmm. 

ilursa retained and marginal .. Baetarieponin^e, 

f. Mastoid large, larger than paroct'ipital and projecting 
far beyond auditory orifice ; carotid foramen lieliiml 
middle ol bulla ; foramen ovale not bidiind tip of 
bamular; ridges invading lower surface of posterior 
jialate. Claws longer, bluutCT, and less curved; 
digits entirely free from webbing. Snout produced, 
upirer li]) undivided, no pbiltrum. Two normal anal 
glands. Hursa absent Broc^i/ontufe, 

Skull with muzzle elongate and compressed above ; pre- 
orbital foramen remote from orbit, tb<‘ anterior rim of 
w'hieh is above in' % interior edge of anterior naies 
thickened and produced ; glenoid portion of zygoma 
much extended antero-povUTiorly ; a \ery distinct sup- 
plenn^ntary foramen between carotid and foramen 
Incernm poeticum, U pper edge of rbinurium produced, 
it anterior surface nearly flat, with vertically elongated 
nostrils and narrow’ septum. Digits with powerful 
claw’s, fully webbed. Anal glands a scries of small 
pockets on each side. Mastoid as under fi palate as 
under f ' ; position of carotid foramen and f ovale 
intcnneiliate. Buisa retained but uot marginal .... Isasmna, 
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The collection of Reptiles and Hairachians of wliich this paper 
is the subject was made in Southern Annam, chiefly on the 
Langhian Plateau, in March, April, and May, 1917. I was 
fortunate in having as my companion on the trip Mr. C. Boden 
Ivloss, of the Selangor Museum, Fe<lerated Malay States, and as 
he was able it) remain on in the country for several weeks after 
I Imd left, was the means of adding many valuable specimens to 
my collection. 

The famous Plateau had long attracted us, as zoologically it was 
almost unknown ; and as, owing to the war, we were unable to 
obtain home leave, of which we w^ere badly in need, we decided 
to take advantage of a short holiday and visit this region. The 
enterprise of the French Government, too, in building a sana- 
torium at a higli elevation, and in constructing fine roads np to it, 
rendered the plateau easily accessible, so that little time was 
wasted in travelling. 

Our expectiitions of rich material w^ere fully justified. The 
report on the bir^ls by Messrs. Robinson and KIoss has already 
appeared in ‘The Ibis ’(July 1919), and a good account of the 
general conditions on the plateau has been given there by 
Mr. KIoss. It is unnecessary for me to repeat his remarks here, 
but for convenience I have recapitulated the camps at which 
collections were made. Starting from the sea-coast at Tour Gliam, 
we giadually made our way up into the hills, our final cjinip 
being underneath the Langhian peaks at 2000 metres elevation. 

I was accompanied by two trained native assistants. Altogether 
about 700 specimens were obtained. Many moie of the common 
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forms could have been taken, but with a good series in hand, and 
the difficulties in tran^oi'ting heavy oolleeting^tanks about this 
country, it was necessary to place som^ limit upon what was 
caught. 

The number of snakes obtained was not great, and most of 
these were caught after the rains had oominenced in the middle 
of April. Mountain-streams abounded eveiywhere, and frogs, 
chiefly of the genus Mana^ were plentiful. A fine series of 
likacophorns and Ixalus were also taken. During the day these 
tree-frogs were seldom seen their small size and fine protective 
colouration rendering them almost invisible among the bushes in 
which they lived. Their shrill cries by night, however, guided one 
quickly to them, and by means of a lantern they were easily found 
and taken. 

Perhaps the two most interesting discoveries of the tiip were 
a new genus of snake, allied to Xenodermns, and a new species of 
the degraded skink, Dihamus. A new form of G \j7nn0dactylm 
peguemis was obtained on the plateau, but, with the exception of 
the common house-geckoes and the equally common Fhyllo- 
dacti/his siammsiSf the family (leckonidm was remarkable for 
its absence. The same ciUi be said of T rapid ophorm^ a single 
specimen only being obtained, although in seai*ch of frogs the 
collectors were daily working along streams. ^Diree new forms 
of Band and two of Megalophrys are also described in this paper. 
Want of time has prevented me, for the pi esent, fiom completing 
my examination of the Bhucophorus, the Ixcdus^ and the smaller 
species of Lygosoina. 

On the whole, the Reptilian and Batrachian fauna of the 
plateau, so far as my examination extends, approximates most 
nearly to that of the hills of Siam and Southern Burma and the 
higher hills of the Malay Peninsula. A few species only are 
related to those of more northern origin. 

Types of all the species here described have been presented to 
the British Museum of Natural History. 

Finally, J wish to express my thanks to Mr. O. A. Boulenger, 
F.R.S., for his valuable help in several difficult determinations. 

The following localities wore collected in : — 

Tour Cham, on the sea-coast (lat. 12°N.). 

Dahan, in the foot-hills at 200 metres altitude. Dry, deciduous 
jungle, but fairly dense. 

Sui Kat and Bran, localities about 6 kilometres apart in the 
hills, at 1000 metres elevation. Chiefly evergreen jungle, with 
some useful small swamps. 

Dalai, Oamly, Le Bosqmt, Arhre Broy^, localities on the 
plateau at 1200 to 1800 metres. The country at the two first- 
named camps was chiefly open pine-forests, but at the two last 
dense evergreen jungle was met with. 

Langhian jyeahfi, 2000 metres. Mixe<i forest, some pine, more 
oak. 
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Fimbeios, gen. nov. (PI. I. fig. L) 

Teeth eubequal, 30-32 in each maxillary; head not very 
distinct from neck, covered with large shields ; eye small, with 
round pupil ; loreal very large, touching the eye, nostril in the 
anterior part of a large nasal; body slender, sc^ales elliptical, 
keeled, juxbiposed anteriorly, feebly imbricate posteriorly, those 
of the outer row larger than the others ; ventrals large, rounded ; 
tail rather short, subcaudals single. 

Allied to Xenodermm Beinhardt. 

Fimbeios klossi, sp. n.* 

Nostril in the anterior part of a large, concave nasal ; rostral 
triangular, concave, not visible above ; internasals much smaller 
than the pra3frontals and sep\rated fi*om the rostral by a 
herizoutfil ridge of the skin : frontal as broad as loi^g, longer 
than its distance to the end of the snout, much shorter than 
the parietals ; supraocular very small and narrow ; praaocular 
small, just touching the frontal ; a large square loreal in contact 
with the eye ; two postoculars and a subocular ; temporals 
small, 3 + 4; 9 or 10 siipralabials, the first 5 very small, with 
strongly raised edges, the last one much elongated ; no mental ; 
12 infralabials, the first 7 very small and with their edges raised 
like the supra labials, 1st and 2nd })aivs in contact with each 
other ; a pair of very large chin-shields, 

28 to 30 scales round the anterior part of the body, 30 to 32 
round the middle ;* ventrals 162 to 167; anal 1; subcaudals 
43 to 58. 

Dark grey above, yellowish (in life wliite) below, the edges of 
the posterior ventrals and sulx^audals tinged with grey. 

Three specimens obtained at Dalat and Camly at 1500 metres. 
Measurements of the type series in mm, : — 


Author 8 No. Total length. Tail. Ventrals. Subcau<lals. 

2144 ? 395 50 166 43 

2145 c? 345 68 162 57 

2143 cf 310 60 167 58 


These remarkable snakes were caught beneath fallen timber. 
They were quiet and gentle in their movements, and made no 
attempt to bite when handled. 1 kept one aliv’^e for a few days 
in the hopes of learning something of its habits, but difi[iculties 
of transport prevented my doing this as long as I should have 
wished. 

Zamenis Moi, sp. n.t 

Maxillary teeth 18; eye moderately large; i^stral consider- 
ably bi'oader than deep ; intornasals shorter than the prsefrontals ; 

* Namod after Mr, C. Boden Kloss, to whom I am indebted for two of the 
three specimens. 

t Named after the Moi people, the aboriginal inhabitants of the countiy in 
which it was found. 
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frontal times as long as broad, longer than its distance to the 
end of the snout, shorter than the parietals ; loreal twice as long 
ns high ; one pree- and two post-oculars ; no subocular ; temporals 
l-f2; 8 siipralabials, 4th and 5th touching the eye; 6 infra- 
labials, 4th very large ; 4 infralabials in contact with the anterior 
chin-shields, which are as long as the posterior; posterior chin- 
shields in contact antenorly. Scales in 15 rows throughout, 
entirely smooth ; ventrals, rounded, 168 ; anals 2 ; siibcaudals 
ion pairs. 

Olive-greenish above, with indistinct, narrow, pale, dark-edged 
cross-bars on the posterior part of the body and tail. Below 
yellowish, speckled with grey on the posterior two-thirds ; a dark 
median streak between the subcaudals. 

Total length 1000 mm., tail 290. 

Allied to Z, korros Scbleg. 

A single male specimen collected at Bran (1000 metres) by 
Mr. Boden Kloss in May 1917. Author’s number, 2153. 

TrOPIDONOTUS JOIIANNIS Blgr. 

Ann. & Mag. Nat. Hist. (8) ii. 244, Sept. 1908. 

Ten examples from the Plateau differ from typical johannia 
only in the supralabial shields. Two of them have 8 on one side, 
9 on the other; all the rest have 9. From T. modestus Gunther, 
which it resembles very closely, it differs in the fewer caudal 
sliields and in the colouration of the belly. 

Yarijition in my aeries:— Scales 19-17,' ventrals 149-159, 
caudals 83-98. Five oiit of the ten specimens have the tail more 
or less docked. Jjargest : total length 640 inm., tail 185 ( d* ). 

Colour, Brown above, with small black spots, and a series of 
small yellow ones also present in most. Labials with black 
sutures, and a yellow’ streak from the last labial to meet its fellow 
on the nape. Belly yellowish white, with a black spot at the 
outer side of each veutral. 

Coluber oxycephalus Bole, 

Bouleng., Kept. Malay Pen. p. 143 (1912). 

1 ex. from Baban. Scales 23, 23, 15. V. 245. C. 130. 
Total length 1880mm,, tail 480. Green above, yellowish below, 
tail pale reddish-buff (in spirits). 

Denbrelapiiis subocularis Blgr. 

Cat. Sn. B. M. ii. p. 89 (1894). 

1 ex., Dran, Scales 15, 15, 11. V. 165. 0. 98. 8 supra- 

labial s. 

Calamaria pavimentata D. ^ B. 

Cat. Sn. B. M. ii. p. 348 (1894). 

Yar. UNiFOAMis, nov. 

Differs from the present known forms in its distinctive 
colouration. 
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Olive-brown above, uniform (no tongifcuflinal lines or collar), 
below yellowish-white, with a median line along the tail and 
usually another down the belly. Labials yellow. 

10 examples examined. Variation ; rT . V. 143-149 ; C. 30-34. 

Y, 166, 167; C. 18,19. 

Type locality, Langbian peaks at 2000 metres. 

Type series, Author’s Nos. 2135, 2136, 2137, and 2139, 

Teimbrusurus monticola Gunther. 

LachesiB montieola^ Clat. Sn. B. M. iii. p. 548 (1896). 

1 ex. The specimen differs from the recognized description in 
having all the snbraudal shields single, and iii having only two 
rows of scales between the eye and the labials. Wall, liowever, 
reccads one from the Chin Hills (Journ. Bombay N, H. 8. xx. 
p. 775), in which the subcaudals are irregularly single and paired, 
and I find in the British Museum an example in which there are 
only two i*ows of suboculars. For the present, therefore, I regard 
my specimen ns T. monticola. Scales 21, 15. Anal 1, V. 132. 
C. 38. Six scales between the supraoculars. 

Gymnodaotylus PKGUjgNsie and subsp. 

(r. pegiiensis^ Bouleug. Kept. Malay Pen, p, 36 (1912). 

Two specimens of a G gmnodaclylus obtained at Camly agree 
well in clinvacters with the typical form of G, pegueiisk, but 
differ distinctly in colouration. Both are males, and in both the 
tails are missing, and it is possible, with more complete material 
for examination, that the present diagnosis will bo found in- 
correct. I refer them here to G. pegmusis, and at the same 
time take the opportunity to describe another colour nice which 
I have obtained in Eastern Siam, 

The tliree forms may be described as follows : — 

Gymnodactylus PEorENSis, forma typica. (Text-fig. 1 , A.) 

7-8 prieanal pores; 9-11 upper and 7-9 lower labials; two 
series of (6-8) large round spots on the back, or with the spots 
confluent transversely. Head in the adult with largo rounded 
spots. 

Type locality, Palon, Pegu. Has been found also in other 
parts of Pegu and in Peninsular Siam far north as Nakon 
Sri Tamarat. 

Var. ANGULARIS, nov. (Text -fig. 1, C.) 

10-11 upper and 9-10 lower labials; two series of (4) large 
angtdar spots connected mesially. Head in the adult with 
indistinct angular spots. . 

HahitaU Dong Bek Mts., Eastern Siam, 

Pao<7. Zooh* Soa — 1921, Ifo, XXIX. 29 
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Text-figure 1. 



Oj/m n odaetfflva pegu ensi$. 

A0 Forum typica, B. irrfffvfari», (’, anffnlarig. 


Measurements of specimens known, in mm.: — 

Hmil & 

body. Tail. Arm. Leg. 

5364. Lnt Bua Kao, Korat (Type). $ 68 80 27 32 


2028, Pak Jong $ 65 70 25 32 

2029. Hin Lap juv. 34 35 13 17 


Var. IRREGULARIS, Tiov. (Text-fig. 1, B.) 

5-7 praenal pores; 8-9 upper nnd 8-9 lower labials; small 
angular spots not arranged in any very marked pattern ; head 


with vrell-marked angular spots. 
HahitaU Langbian Plateau. 

HeAd& 

body. 

Ana. 

Leg:. 

4875. Camly (Type) 6 

79 

28 

36 

4876. „ „ <J 

80 

29 

37 

Calotss microlbpis Blgr. 

Fauna Brit. India, p. 134 (1890)* 





1 ex., Camly. The specimen, a $ , agrees well with the type 
in the British Museum. Xt has 70 soales round the middle of 


BATAACBXAN8 FEOM SOUTHERN ANNASf. 


429 


the body. Head and body, SOmm. ; tail, 180. Brown above, 
finely speckled with black and yellow. Below whitish, speckled. 
Black lines i*adiatiug from the eyes. 

Tine characters given by Boulenger (Kept. Malay Pen. p. 70) 
to sej)arate this form from flotoeri^ iiaiiiely narrower head and 
more compressed tail, will not stand the test of iny specimens. 
I have examined two examples of Jlowen from Chantabun, in 
addition to the two in the Museum. They have from .00-55 
scales round the middle of the bod3\ 

I separate as having more scales, 65-70, round the 

body, smaller veuti*n.ls and smaller tympanum ; it is possible that 
Jlowerl is only a Southern form of this species. 

1 have examined pregnant females of both forms. The eggs 
are oval. 

Calotes mystaceus D. k B. 

F.B.l. p. 138(1890). 

Specimens obtained at Saigon and on the Langbian Plateau 
lack the three chocolate spots on the hack which appear to 
cliaracterizo the form found west of the Mekong River. Enough, 
how ever, is not yet known of this handsome lizard in Burma to 
name races dehnitely. The plateau is a considerable extension 
eastwards of its known habitat. 

Liolbpis belliana Gmy, 

Bouleng., Jlept. Malay Pen. p. 73 (1912). 

Var. axnamknsls, iiov. 

When collecting upon the sea-coast at Tour Cham, before 
ascending the Plateau, our attention was attracted by the marked 
difference in colour between the form of Z. belliana which we 
observed tJiere, and the one which we knew so well from Siam 
and the Malay Peninsula. The vivid orange l)ars upon the flanks 
of the typical form were replaced by kinds of pure white. 

^ A detailed examination of the s})ecimens obtained showed 
further that, in the number of femoral pores, and in the size of 
the scales behind the tibia, they differed from the typical form. 
1 distinguish the two as follows : — 

Forma typica. 

13-20, usually 15-18, femoral pores. 

7-13, „ 8-10, scales across the back of the middle of 

the tibia. 

Flank with orange and black bars alternating. 

Hah, Burma, Siam, Malay Peninsula and Archipelago, and 
S. China*. 

* AnnAodnle Iiqs shown (Hoc, Ind* Has. vu. p. 00, Fell. ISIS) that the oorurretiee 
of this lizard in B. India is incorrect. 

29 * 
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Var. ANNAMBNSis, nov. 

19-26 femoral pores. 

14-22, usually 17-20, post-tibial sctiles. 

Flanks with black and white bars alternating. 
Hah, Coast of S. Annain, 


Specimens examined. 


Forma typica : — 


Femoral pores. 

Tibial scales. 

Tavoy 

.... 15—15 

9 

11 

... 16-18 

10 

») 

... 13-14 

9 

Penang 

... 15—16 

9 

Perak 

... 20—20 

9 

Jalor, Patani 

17—17 

9—10 

11 1* 

... 16—18 

10 

Tenasserim 

... 16 

12 

Mergui 

... 15 

9 

Burma 

... 20—20 

13 

Siam 

... 16—16 

9 

„ (Kob Hamui) 

... 16—17 

8 

„ (Koh Lak) 

... 16—17 

9 

11 11 

... 16—16 

10 

Hainan 

... 16—16 

9 

China 

... 18 

9 



... 14-16 

11 

Var. annamensis : — 


Femoral pores, 

Tibial scales. 

2468. Tour Cham 

cf. 26—26 

16 

2469. „ „ 

6. 24—24 

16 

2470. „ „ 

24—25 

18 

2471. ., „ 

21-22 

17 

2472. „ 

22—21 

19 

2473. „ „ 

6. 23—24 

20 

2474. 

21—22 

22 

2475. „ „ 

cf. 24—24 

16 

2477. „ 

20—20 

18 

2478. „ 

e. 24—24 

19 

2479. „ „ 

6. 23—24 

17 

2482. „ 

20—21 

14 

2483. „ 

$. 21—21 

17 

2481. Cap St. Jacques 

19—20 

12 

2480. „ 

22—22 

18 


Types from Tour Cham. Type series, Author*s Nos. 2473, 
2475, 2480, 2481, 2482, and 2483, 
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Lyoosoma stbllatum Blgr. 

Boiilong., Repfc. Malay Pen. p. 87 (1912). 

1 ox., Dalat, Before known only from two specimens, the 
types in the British Museum, from the Larut Hills, Perak. 
My example differs in that the prsefrontals just miss contact, and 
the black spots on the neck and shoulders are arranged to form a 
broad vertebral band. 

Lygosoma corpulbntum, sp. n. 

Section Rlopa. Distance between end of snout and arm twice 
in distance between axil and groin. Limbs well developed, 
short, pentadactyl, widely separated when adpressed. Snout 
obtuse, eyelids scaly, supranasals in contact behind rosti’al ; 
frontonasals forming a good suture with frontal; prsefrontals 
small ; frontal broader than the supraocular, longer than the 
frontoparietal and interparietal together ; parietals in suture 
l)ehind the interparietal; 4 supraoculars ; 2 loreals, posterior 
longest; 7 supralabials, dth subocular: temporals small and 
scale-like ; ear-opening small, subcircular, about half the size of 
the eye-opening, without projecting lobules ; a large azygos post- 
mental ; d() smooth scales i-ound the middle of the body ; 
prieanals slightly enlarged ; digits short, compressed, 4th toe a 
little longer than the 3rd, 12 *13 keeled lamella) inferiorly. 

Head and body, 170; tail, 150 mni. 

Colour hi life. Light chocolate-brown above, jninglod with 
yellowdslrou the flanks; lips, sides of neck, and throat yellow. 
Belly brownish- white. Labial shields edged blac’k. 

A single sj)ecimen obtained at Dalat. Author^s No. 2128. 
Closely allied to L, bamfi/ldii Bartlett, fj om Borneo, Sumatra, 
and the Malay Peninsula, from which it differs in the absence of 
lobules to the ear-opening, number of scales round the body, 
colour of the head, and size. 

Dibam UB montanus, sp. n. (Text-fig. 2.) 

Snout covered with 7 more or less complete shields ; a high, 
narrow rostral, well visible above ; a pair of preefrontals, sepamted 

Text-figure 2. 




Dihamui mtmtanU, Side and upper view of bead. 

from the 1st labial by a suture running backwards from the 
nostril, but fused with the labial anteriorly, the nostril thus 
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lying between the Ist labial and pra&frontal ; a long 2nd labial**^. 
Other head-shields as in argenteus Taylor and I), mvm-guinece 
D. & B., viz, an enlarged frontal and a larger interjiarietal, an 
ocular and an enlarged scale behind the 2nd labial on either side. 
Mental narrow, trapezoid, with a pair of long infralabials. 

24’-26 scales round the middle of the body, scales imbricate 
and subequal. Praeanals enlarged. Light chocolate-brown above, 
paler below. 

Types, ? • Author’s Nos. 4864, 4865. From Lo Bosquet. 

Measurements of specimens in mm. : — 

Le Bosquet. 


Total Diamotec, 

length. Tail, mid-body. 

J.4865 145 2:1 5 

S.4864 145 21 5 

Dahan. 

?. 2609 112 ? 3 

6. 2608 115 20 3 

2. 5365 70 11 2-5 

2. 5366 86 16 2*5 

?. 5367 65 12 2 


In the h*ngth of the tail (uhich from this table appears to bo 
comparatively long<u* in the young than in tln^ adult ) J), nionUunts 
resembles 1), argeateus from the Philippines. From it also, as well 
as from /). 'novai-gnmea^ it differs in the greater differentiation 
of the shields of the snout. 

Rana mtlleti, sp. n. (PI, II. lig. 2.) 

Vomerine teeth in obli(|ue series, commencing from the 
anterior borders of the clioanae ainl extending beyond their 
posterior borders, the distance between tlmm (Vjual to their 
distance from the choaiiH'. Head a little longer than broad, 
snout obtusely pointed, })rojecting beyond the month, longer than 
the eye ; canthus rostralis distinct; loreal region slightly obli(|ue, 
strongly concave ; nostril distinctly nearer the tip of the snout 
than the eye; distance between the nostrils gieater than the 
int(3rorbital width, which is equal to or a little greater than 
the upper eyelid; tympanum very distinct, | the diameter of 
the eye, and 2.]-3 times its distance from the eye. 

Fingers rather long, 1st longer than 2nd ; tips with small but 
distinct discs, which may bear a feeble groove separating the 
upper from the lower surfaces ; sulmrticular tubercles large ami 
jn-ominent ; discs of the toes larger than those of tlie fingers, and 
with a distinct groove sepa, rating the surfaces; toes webbed; 
outer metataimls separated neaidy to the base; subarticular 

* Jn tbe two adult examples from Le Bouquet (1200 metres) tbe eliieldti are as 
described, but in five juveiiiles from Dabau (200 metres) tbe suturt^ are feebly 
evideut oi' eutirely abaeut. 
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iubereles prominent; no tarsal fold; inner metatarsal tubercle 
2|-3 times in length of inner toe ; a small, prominent rounded 
outer tul)ercle; tibicHtarsal articulation reaching to the tip of 
the snout or not quite so far; tibia 1|~15 distance from snout 
to vent ; heels overlap when the limbs are folded at right angles 
to the body. 

Bkin of the back finely granular ; a prominent and fairly broad 
dorso-lateral fold from the eye to the hip. 

Yellowish-brown or greyish-brown above, sometimes with 
indistinct darker markings ; sides of the head dark brown ; limbs 
with indistinct dark bars ; below yellowish. 

Males without vocal sacs, witli a large, flat, humeral gland, and 
a small pad on the fii-st finger. 

Allied to IL adenopleura Blgr., from Formosa, from which it 
difters in the more slender habit, less extensive webbing to the 
feet, the web not reaching the discs of any of the toes, and in 
coloui*ation. 

Eggs pigmented, the vitelline sphere measuring 2 inni. in 
diameter. 

Type locality, Dalat. Numerous specimens were obtained in 
tlie type locality, from the Limghian peaks, and from Dmn. 

I have named this frog after Monsituir Millet, Conservator of 
Forests to the French Government, who gave us every help 
possible while travelling upon the Plateau. 


Measurements of type series in mm. 


Aiitbor^N No". 

51 1« 

6128 

5129 

2571 

26011 

2602 

4818 

6103 

5107 

5170 

Snout to vent.. 

t8 

47 

47 

45 

46 

37 

36 

36 

37 

39 

Ifond . . 

16 

17 

10 

16 

17 

14'5 

14 

14 

14 

14 

Width of head 

ir> 

16 

15 

15 

16 

13 

125 

12-6 

13'5 

14 

Snout 

7 

7 

7 

7 

8 

6 

6 

6 

6 

« 

Eye 

5 

5 

5 

5 

5 

4'5 

4’5 

4 

4 

4 

Jiiterorhital 

4-6 

4 

% 

6 

5 

3*5 

0*5 

3 

4 

4 

Tympaimni 

4 

4 

4 

4 

4 

3'5 

3’5 

3-4 

4 

3 5 

Arm 

29 

27 

28 

27 

27 

22 

21 

23 

22 

24 

hog 

85 

79 

79 

81 

81 

6i 

et 

62 

03 

67 

Tibia 

27 

25 

27 

27 

26 

20 

20 

20 

20 

21 

Foot 

27 

25 

25 

26 

26 

20 

20 

20 

20 

21 


? 

$ 

9 

9 

9 

<J 


d 

s 



Dalat. Dalat. Dalat. Dran. Dalai. 

Dalai. Dran. Dran. 

Dran. I^ang 
Diau. 


Raisa nxgrovixtata Blyth. 

Bouleng., Rec. Ind, Mus, xx. p. 144, June 1920. 

Boulengers Monograph on the Asiatic Ranm omits any state- 
ment of localities, or measurements of specimens of this species. 
It is known from Southern Burma to the Man Son Mts., 
Tonkin. On the hills in Northern 8iam it ivS very common, and 
1 obtained specimens on the plateau at 8ui Kat, Dran, and Dalat. 
Boulenger further describe^ the male as having internal vocal 
vesicles, but 1 have many specimens in which the skin of the 
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throat is pigmeBtetl, and sufficiently diHerentiatod, to entitle 
the sacs to bo called external. 

In general appearance li, nigromttata very closely resembles 
M* mm'tenseni from B.E. Biam. morte^isenif however, Ivas no 
groove at all to the finger discs, grows to a larger she, and the 
male has internal vocal sacs. A<liilt males cannot be confused, 
but immature specimens or females could be mistaken. R. mar- 
tenseni appears to be confined to the Island of Chang. The 
specimens identified by Boulenger as having been obtained in the 
Karin Hills (N. Siam), Monograph, No. 5 ifc 6, p. 130, should, I feel 
sure, be referred to nigrovittata. The tadpole also, as originally 
described by me under nigrovittula, should stand as coirect. 

I give measurements of some specimens in the British Museum 
which I have examined. 



00 

ee 

s 

B 

‘5 

4) 


i.A 

.2 &; 
Ut 


fac 

ts 

« 

6 

ee 

X 

a,* 

§ 3 

I . 

50 

Ja 

[ Tonkin. 

Snout to vent 

, . 

50 

49 ^ 

52 

42 

11 

V>4 

46 

66 

4ir 

12 

Head ... 

. 19 

19 

17 

18 

14 

10 

18 

16 

18 

17 

16 

Width of head . 

18 

19 

16*5 

17 

11 

15 

18 

17 

18 

17 

16 

Snout . . 

8 

8 

7 

8 

6 

0*5 

7 

6*5 

7 

7 

6 

Eye 

5*5 

5*6 

0*5 

6 

1'5 

5 

0 

5 

6 

5 

4 '6 

Tympanum ... 

I. 

4 

4 

4 

8 

2*5 

4 

3*5 

1 

3*6 

3*5 

Arm .... 

28 

29 

28 

28 

27 

28 

30 

23 

32 

W) 

28 

bog 

.. 82 

84 

80 

85 

70 

76 

84 

73 

85 

84 

76 

Tibia 

. 26 

28 

27 

27 

22 

25 

27 

22 

27 

25 

24 

Foot 

26 

28 

25 

25 

21 

22 

27 

22 

20 

25 

24 


Bana SAUTEAi Boulenger. 

Bee. Ind. Mus. xx. p. 14»3, June 1920. 

Var. joiiNSi, Tiov.^ (PI. 11. fig. 1.) 

Eleven s})eciiiiens of a frog from the PlaUiiai difter sufficiently 
from R, sauteri Boulenger, from Formosa, to be entitled to 
racial distinction. 1 have compared them with types in the 
British Museum, and separate them on the following grounds: — 

More pointed snout, longer leg, tibio-tiirsal articulation to w^ell 
beyond the snout, very prominent glandular dorso-lateral fold, 
and smaller size. 

In other points al^o, Boulengei^s description, drawn up from 
four females, shows small variations, and 1 therefore desciibe my 
specimens in detail. 

Yomerine teeth in oblique groups between the choanao and 
extending beyond their posterior borders, as far from the cboanse 
as from oacli other, or a little farther. 

Head as long as, or a little longer than broad, depressed ; 
snout obtusely pointed, projecting beyond the mouth, longer than 

* Named after Mr. Johns, British Consul in Bnison at the time of onr visit, and 
who was of tlie greatest assistance* to us in aiTaiiging many details of our expedition. 
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the eye ; distance between the nostrils -considerably greater than 
the interorbital width, which is equal to the upper eyelid; 
tympanum very distinct, the diameter of the eye, which is 
3-4 times as long as its distance from the latter« 

Fingers moderate, tlie tips swollen into very small discs which 
do not bear a groove ; 1st longer than 2nd ; siibarticular tubercles 
large and prominent. 

Hind limb long and slender, the tibio-tarsal articulation 
reaching far beyond the snout ; heels strongly overlapping when 
tlie limbs are folded at right angles to the body ; tibia 5-6 times 
as long as bi-oad, 1^-11 times in length from snout to vent, longer 
than tlie foot. Toes with small discs, more <leveloped than those 
of the fingers, and bearing a groove separating the upper from 
the lower surfaces; web i*eaching to the disc of the 5th toe and 
to the 3rd on its outer side, last two phalanges of 4th free. 
Outer metatarsals separated nearly to their base ; no tarsal 
fold; subarticulnr tubercles strongly developed; inner metatarsal 
tubercle oval, promiuent, length of inner toe ; a very small 
round, distinct tul^ercle at the base of the 4th toe. 

Skin smooth or very finely granulate, a few enlarged scattered 
tubercles on the hack, a A -shaped glandular fold between the 
slioulders, ami short oblique folds crossing the thighs and tibia ; 
a narrow, promimait, dorso-lateral fold from the eye to the hip, 
and two short folds from behind the tympanum enclosing a 
triangular black patch. 

Greyish -brown aVjove, uniform or faintly mottled with darker; 
a well-defined, rich, dark brown juitch from the eye to tlie 
slioulder, enclosing the tympanum ; snout below the canthiis 
rostralis darkish ; limbs with narrow dark cross-bars ; a brown 
streak along the back of the arm and another along the front of 
tlie tibia. Jielow wliitish, tlie chest and throat s|>eckled with 

Males with internal vocal sacs, and a brown nuptial prominence 
on the 1st finger. 

Types from 8ui Kat. Type series, Author’s Nos. 2638, 2639, 
2640, 2611, 2644, 2657. 


Measurements in mm. 


Author’s Nos. 

6031 

2657 

2643 

2632 

2640 

2641 

6087 

2638 

2644 

2645 

2457 

Suout to vent. 

46 

43 

42 

43 

40 

60 

43 

42 

42 

41 

40 

IW 

16 

14 

14 

14 

13 

16 

15 

15 

14 

13 

18 

Width of bond 

14 

146 

14-6 

14 

13 

16 

14 

14 

14 

18 

12-6 

Snout 

6 

6-6 

6 

6 

6-6 

7 

65 

6-6 

6-5 

6 

6 

Kye 

4'o 

4-5 

4*5 

4-5 

4 

5*5 

5 

4*6 

4-5 

4*6 

4*5 

Interorhital ,. 

3-6 

8 

3 

8 

8 

4 

8-5 

3 

8-5 

3 

8 

Tympanum., 

8-6 

3*6 

8 

8 

8*6 

3-6 

8-5 

8 

8*6 

3 

3 

Arm 

36 

26 

25 

25 

25 

20 

26 

24 

.25 

28 

22 

Leg 

87 

81 

84 

82 

77 

100 

81 

78 

81 

77 

76 

Tibia 

28 

27 

27 

27 

26 

84 

28 

27 

27 

26 

25 

Foot 

26 

26 

25 

25 

28 

30 

25 

25 

25 

28 

22 


^ d ^ ? 


? 9 


? 9 


9 
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Eaka moktivaga, sp. ij. (P], I. fig. 2.) 

Vomerine teeth in abort oblique groups between the oboanad, 
and extending beyond their posterior margins. Head broader 
than long ; snout i*ounded, scarcely projecting beyond the inoutli, 
longer than the eye; canthus rostralis strong; loreal region 
oblique, deeply concave ; nostril a little nearer the tip of the 
snout than the eye ; distance between the nostrils greater than 
the interorbital width, wliicb is equal to the width of the upper 
eyelid ; tympanum very distinct, about half the diameter of the 
eye, times its distance from the latter. 

Fingers moderate, terminating in small discs which bear a 
groove separating the upper from the lower surface ; 1st a little 
longer than the 2rid ; subarticnlnr tubercles large and prominent. 
Hind limb long and shapely; tibio-tarsal articulation reaching to 
far beyond the snout ; heels strongly overliipi)ing when the limbs 
are folded at right angles to tiie body; tibia IJ-l^ times in 
length of head and body, much longer than the foot. Toes with 
well-developed discs, which are larger than those of the fingers and 
bear a strongly-marked groove : web reaching to, and including 
a portion of the discs of all the toes, but in the case of the 4th it 
is continued on as a narrow fringe from the 2nd phalanx ; outer 
metatarsals separated nearly to the base, subarticular tubercles 
large and jtrominent; a feeble tarsal fold; inner metatarsal 
tubercle oval, 2| times in length of inner toe ; no outer tubercle. 

Skin above granular, with larger tubercles; a narrow, promi- 
nent, dorso-lateral fold from the upper eyelid to the hip, strongest 
in front, sometimes broken up. Lower i>aiis smooth. 

Yellowish-brown or greyish-brown above, usually with indis- 
tinct blackish markings; sides of the head darker ; limbs with 
dark cross-bands. Below yellowisli-white, usually powdered with 
brown on the throat and chest. 

Males smaller than females, with internal vocal sacs. 

Types from Balat, l^ngbian Plateau, at 1500 metres. 

Allied to R, varians Blgr., from Celebes and the Philippine 
Islands; from which it differs in the stouter habit, broader 


Measurements of type series in min. 


Author'n Nos. 

512t 

6123 

5120 

2672 

6013 

4820 

2529 

2630 

4829 

5022 

Snout to vout . 

48 

48 

48 

46 

48 

75 

72 

71 

66 

68 

Head 

17 

16 

18 

16 

17 

26 

23 

24 

22 

21 

Width of head . 

18 

18 

17-5 

16 

17 

26 

26 

26 

24 

20 6 

Snout .... 

6*6 

7-5 

7 

7 

7 

10 

11 

11 

10 

9 

Eye 

6o 

0*5 

6 

6 

6 

8 

8 

9 

8 

7*6 

Interorbitnl ... . 

5 

6 

6 

4 

4 

6 

6 

7 

6 

6 

Tympanum . . . 

4 

4 

4 

8 

8 

4‘5 

6*5 

6 

6 

4*6 

Arm 

SB 

30 

80 

28 

31 

43 

44 

47 

40 

84 



98 

94 

96 

93 

96 

140 

136 

188 

138 

111 

Tibia 

32 

32 

82 

30 

31 

44 

46 

45 

42 

39 

Foot 

80 

28 

29 

27 

27 

37 

41 

37 

38 

84 


e 




d 

9 

? 

? 

?. 

? 
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shorter and more rounded snout, and absence of external 
metatarsal tubercles. 

This frog wiis common on the Plateau, and numerous specimens 
were obtaine<l at between 1500 and 2000 metres elevation. 

llAKA GttAMlNEA BoulengW. 

P. Z. H. 1899, p. 958, pi. Ixvii. fig. 1 ; id., Rec. lud. Mus. xx. 
p, 204, June 1920. 

Boulenger^s description was drawn up from male specimens 
only. A fine series from the Plateau shows that the females 
are much larger than the males, some of them being twice as 
large. The specimens differ from the ty|>e8 in the snout being 
longer than the eye, and in the nostrils being distinctly nearer 
the tip of the snout than the eye. Females have a propor- 
tionately smaller tympanum than males. 

dolour. Above bright green to dark olive, or greyish-brown, 
uniform or with large (hu'kish spots. Below white, uniform oi* 
powdered with grey. Females usually light greyish-brown above, 
seldom bright green, and conspicuously spotted on the back and 
limbs. 

This frog was common on the Plateau at all elevations above 
1500 metres. 


Measurements of U, graninea in mm. 


Nosi. 

2515 

2513 

2518 

2526 

36« 

2506 

2509 

2510 

2048 

2tU9 

8noat to \(‘nt 

58 

63 

53 

45 

40 

105 

101 

89 

79 

72 

Head 

22 

20 

20 

17 

15 

35 

34 

20 

27 

25 

Width of head . 

20 

18 

18 

16 

14-5 

35 

35 

32 

27 

25 

8nout 

10 

0 

9 

7 

6*6 

17 

16 

14 

13 

11 

Kyo 

9 

7 

7 

5*5 

5*5 

11 

11 

10-6 

8 

8 

Intel orbital ... 

4*0 

4-6 

4’5 

4 

3*0 

0 

9 

8 

8 

6 

Tympanum . , 

4o 

4 

4*6 

8*5 

4 

6 

5 

4*5 

4 

4 

Arm 

35 

34 

34 

31 

30 

06 

60 

60 

52 

49 

hep 

. 

94 

94 

85 

76 

190 

190 

108 

150 

150 

Tibia 

32 

32 

30 

29 

25 

Oo 

05 

59 

52 

53 

Foot 

. 28 

28 

27 

24 

22 

54 

54 

46 

40 

44 



3 


e 


? 

? 

9 

9 
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Microhyla riCTA Scblegel. 

Verb. Nat. Ges. Basel, xiii. 1901, p. 151, fig. 

Known from a single sfieisimen in the Btnsel Museum. 

Dr. Roux has kindly com])ared one of my specimens with it, 
and considers them to be identical. In genenil characters 
M, plcta agi ees so closely with M. ^mhra fmm India that, were it 
npt for the distinctive coloui*ation of the two forms and their 
geograpliical distribution, it 'would be difiicult to separate them. 
Oomimring my specimens with examples of M. ruhra in the 
British Museum, 1 find the following differences: — Snout (of 
pipta) a little more obtuse, tibio-tarsal articulation reaching to 
posterior border of eye, web of toes slightly fuller. 
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Colour. Greyish or yellowish above, with a large dark white- 
edged mark on the l)Mck, comniencing between the eyes and 
diverging about tlie middle into two arms which run to the 
groin. Dark markings along the sides |mrallel to it, and often a 
secornl A over the sacral region. Limbs with dai’k bars. Below 
yellowisli, the males with blackened throats. 

M> pidta is found in Cochin China (type locality unknown), 
M. rubra in India and Assam. 

I found this little frog one night in April at Cap St. Jacques, 
where it was breeding in the ditches beside the road, not far from 
the sen. We were attracted by the strident voices of the males, 
and without dilliculty captured large numbers. 

Bufo galeatus Gunther. 

Kept. Brit. India, p. 421 (1804). 

B, galeatus was describcid by Gunther from a single specimen 
obtaine<l by Mouhot in Cambotlia. A series of eight specimens 
obtained at Dran in AjaMl enables me to enlarge his original 
diagnosis, and I take this opportunity to re-describe the species, 

Cautbus rostralis with strong l)ony ridges, which are continued 
backwards more or less distinctly over the snpiaorbital and 
parietal regions. A thick, arclu^d, elovateil orbito-tympanic 
ridge, separated by a slight depression from the parotid gland, 
which is about as long as the bony ridge ; snout short, blunt ; 
tympanum very distinct, two-thirds diameter of eye. 1st finger 
distinctly longer than 2nd ; toes one-third to nearly half webbed ; 
two well-marked metatarsal tubercles, the inner nearly twice as 
large as the outer; no tarsal fold ; tibio-tarsal articulation reach- 
ing to tympanum in male, not so far in female. Upper parts with 
prominent warts, which become spiny on the flanks; lower parts 
coarsely gianular; ])arotids prominent, elongate, about as long 
as the orbito-tympanic ridge. 

Keddisli or greyish-brown above, with dark marblings on the 
back, the limbs with dark bars ; l^ars upon the lips. Dirty 
yellow or whitish below, more or less distinctly spotted with 
black. 

Males coiisideiably smaller than females and with black nuptial 
fisperities on the inner two fingers. 


Measurements in mm. 


Author’s Nos 

2426 

zm 

2428 

2402 

2132 

2592 

Type 

Suout to vent 

85 

70 

61 

62 

60 

48 

63 

Snout to ant. border ) 
of tympanum ) 

23 

17 

17 

17 

13 

11 

16 

Width of head 

36 


25 

24 

18 

15 

27 

Pore hmh 

56 

44 

40 

45 

36 

33 

42 

Hind limb 

99 

81 

72 

83 

67 

59 

82 

Tibia 

32 

26 

24 

27 

22 

19 

25 

Foot 

32 

25 

23 

26 

20 

18 

24 
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MROAXiOPHRTS IKTERMRDIUS, Sp. D. 

A form intermediate between M, carineme and M. fece^ 
differing from the latter in the web between the toes, and from 
the former in the more posterior position of the vomerine teeth, 
and from both in several other small points. 

Tongue feebly nicked behind. Vomerine teeth present in two 
widely-separated groups just behind the level of the choan®. 
Head large and depressed, 11-2 times as broad as long; snout 
rounded, haidly as long as the e3'e, not projecting beyond the 
lower jaw; canthus rostralis very distinct; loreal region slightlj* 
oblique, feebly concave; nostril equidistant from tlie eye anti the 
snout; interorl)itfil space IjJ times to nearly twice as broad as 
the upper ey’elid ; tympanum hidtlen. Fingers short., wu'th feebly 
swollen tips, 1st and 2u<l about two-thirds length of .*lrd ; no sub- 
articular tubercles; metacarpal tubcndes very indistinct; toes 
with feebly swollen tips one-third to one-half webbed, the web 
extending ns a fringe along either side ; no subarticular tubercles ; 
a large oval, flat, inner metatarsal tLii)ercle ; tibio-tarsal articu- 
lation reaching to nearly, or quite, the commissure of the jaw ; 
tibia one-tbird to two-fifths in length of head and body; foot 
longer than the liead. Upper eyelid with conical tubercles, one 
of which is enlargfid to form a short horn ; an oblique glandular 
fold on the back parallel with tlie supratemporal fobl usually 
present ; more or less distinct obliqiie folds across the limbs, 
throat fiticly granulate, belly nearh’^ smooth. 

Colour in life. Above bi*onze or dark coppery, the head and 
fore part of the body, outside the <lomil glandular fold, usually 
lighter. Back usually with indistinct light and dark markings; 
arms and legs with dark cross-bands; a dark patch over the 
region of the tympanum and dark bars below the eye. Below 
dark brown to bronze, paler on the belh\ Dorsal fold and 
tubercles on the flanks black on their inferior aspect, light 


Measurements of type series in mm. 


Author^s Nos 

2070 

2073 2078 2078 

2067 2086 2071 2035 

2076 2084 2083 
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92 

9i 
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02 

04. 

97 

99 
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86 

63 

43 
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27 

25 

20 

25 

26 

25 

25 

28 

23 

18 

14 

Width of hea<l 

50 

4ti 

49 

47 

48 

16 

<18 

51 

14 

3') 

22 

Length of nnout .. 

12 

12 

13 

12 

12 

12 

12 

12 

11 

9 

6T> 

Diam. of eye 

0 

9 

9 

9 

8 

9 

8 

10 

85 

5 

5 

Interorb. width .. 

la 

13 

13 

12 

13 

12 

13 

12 

12 

9 

7 

Fore limb 

52 

51 

60 

48 

54 

52 

54 

58 

50 

32 

23 
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25 

25 

2i 

24 

24 

24 

26 

27 

23 

16 

12 

Hind limb ) 
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IM 

116 

no 

114 

115 

115 

115 

118 

100 

69 

50 
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36 

39 

30 

86 
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35 

36 

37 

32 

22 

15 

Foot 

37 

39 

35 

38 

36 

38 

38 

42 

32 

82 
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superiorly. Young with paler (yellowish) head and shouldei'S, 
and with the markings more clearly defined. 

21 specimens examined. 

This fine Megalophrys was common on the Plateau above 
1 500 'metres, and the loud, hai'sh croakings of the males could be 
heard at all times of the day and night. It was by means of 
their call that most of them were discovered and finally tracked 
down to their hidirig-placo in some deep crevice between the 
rocks or boulders of the streams in which they lived. 

Megalophrys hasseltii Tschudi. 

Houleng., Fauna Malay Pen. p. 282 (1912). 

Yar. PULLUS, nov. 

Differs from the typical form in the longer and more pro- 
rainent metatarsal tubercle (at least twice as long as broad), 
longer leg (to tympanum), smaller size, and in colouration. 
Toes ^ webbed. 

Dark grey above, sometimes with indistinct darker markings. 
Limbs with alternate dark and liglit cross-bars. Jlelow wliitish 
or brownish. Upper half of iris (in life) scarlet. 

Tyix) locality, Arbre Broye. Also found at Candy. 

Altogether 20 specimens were obbiiiied, which 1 have been 
able to coiTi[)are with some 20 examples of the typical form from 
♦Siam and the Malay Peninsula, 


Measurements of typo series in mm. 


Author’s Nos 

... 2093 

2101 

2108 

3091 

2103 

2090 

2106 

6192 

Suoiit to VOIlt 

.. 49 

44 

62 

16 

44 

46 

44 

49 

Head 

... 17 

15 

18 

16 

16 

10 

16 

17 

Width ofhead .. 

... 31 

19 

22 

20 

19 

19 

18 

21 

Interorbital 

... 6 

5 

7 

6-6 

5 

6’6 

6*5 

6*5 
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27 

38 

27 

29 

28 

29 

34 

Hand 

... 12 

10 

13 

10 

10 

10 

10 

12 
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... 66 

60 

62 

61 

62 

61 

60 

66 

Tibia 

... 17 

16 

18 

15 

15 

16 

15 

17 

Foot 

... 17. 

16 

18 

15 

16 

16 

16 

17 


? 

? 

9 


(? 


<? 
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EXPLANATION OP THE PLATFi5. 
Pla^tk I. 

Fig. 1. Fimbrios klossu 

2. Jtana montimga, (Nat. Bizr.) 

Plate II. 

Fig. 1. Fana sauteri vwt.johnti, (Nat. size.) 
2* Bana milleti. (Nat. size.) 
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XZHIBITIOKS UrO VOTICXS. 


Xurch 8tli, 1921. 

Sir S. F. Haehbe, F.R.8., Yice- President, 

in the Chair. 

In the absence of the donor, Dr. R. W. Shufeldt, C.M^Z.S., 
three photographs of the last of the Passenger-Pigeons (Eclopistes 
migratorim) presented by him to the Society, were exhibited by 
Dr, P. Ohalmebs Mitchell, O.B.E,, F.R.S., who read the follow- 
ing notes from Dr. Shufeldt : — ^,“.The specimen was a female which 

Text-figure 1. 



Pasienger.Pigeon {SetopUtes miffratorin$). 


died in the Zoological Gardens of Cincinnati in September 1913, 
where she had lived in captivity for a number of years with 
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others of the same species. From time to tin^ these others died« 
until only the female remained — the sole living representative of 
the endless millions that originally were to be found in the 
United States. 

When the dead specimen came to the United States National 
Museum, I posed it in three different positions, that anterior, 
posterior, and lateral views of the body might be photographed. 
New York State, when I was a boy, had annually in its avirauna 
its millions of these pigeons {Ectopistes migraiorius)^ and they 
were slaughtered there every season, as they were all over the 
country and in all the States.” 


Mr. R. I. PococK, F.R.S., F.Z.S., exhibited, and made remarks 
upon, the .skull of a Sumatran Tiger. 


On behalf of Messrs. Gerrard & Sons, Mr. R. I. PococK 
exhibited, and made remarks upon, a Cheetah skin from Tan- 
ganyika Territory, showing an interesting modification in the 
arrangement of the mai'kings on variou.s parts of the coat. 


Harch 22ndt 1921« 

Sir S. F. Harmer, K.B.E., F.R.S., Vice-President, 
in the Chair. 

The Secretary read the following Report on the Additions to 
the Society's Menagerie during the month of February 1921 : — 

The registered Editions to the Society’s Menagerie during 
the month of February were 143 in number. Of these 50 were 
acquired by presentation, 53 were deposited, 36 were purchased, 
and 4 were born in the Menagerie. 

The following may be specially mentioned r — 

1 Nylghau {Bomlaphiis tragocamelus\ cf t from India, deposited 
by H.G. The Duke of Bedford, K.G., F.R.S., on February 24th. 

2 Capy haras {Hydrochcm'us hy(lroclmru8\ from S, America, 
deposited on February 5th, 

1 Collared Peccary {Tayamit taja^u), from S. America, pur- 
chased on February 10th. 

2 Pied Starlings (Spreo fucoZor), from South Africa, new to the 
Collection, purchased on February 15th. 

A collection of 20 Pheasants and 17 Peafowl, presented on 
February 21st by the Hon. Nathaniel Charles Rothschild, F,Z*8, 
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April Stli, 1921. 

Prof. B. W. MacBride, D.Sc., LL.D., F.R.S., Vice-President, 
in the Chair. 

Br. P. Chalmers Mitchell, C.B.E., F.R.S., Secretary of the 
Society, exhibited, and made remarks upon, a series of lantern - 
slides of a JBaby Chimpanzee bom in the New York Zoological 
Park. 


Sir S. F. Harmer, K.B.E., F.R.S., exhibited, and made remarks 
upon, a photograph of Elephant Twins. 


Mr. E. G. Boulbnger, F.Z.S., exhibited, and made remarks 
upon, the following Reptiles and Batrachiaus: — a yOung speci- 
iimn of Tesivdo nvjra, Monopdiis capenais, Siphoiiops annulattiSy 
and Phri/niaciis nigricans. 


Miss L. E. Cheesman, F.E.S., exhibited, and made remarks 
upon, a nest of Anapha venata (Lepidoptera). 


April 19th, 1921. 

Sir S. F. Harmer, K.B.E., F.R.S., Vice-President, 
in the Chair. 

The Secretary read the following Report on the Additions to 
the Society’s Menagerie during the month of March 1921 : — 

The registered additions to the Society’s Menagerie during 
the month of March were 276 iu number. Of these 73 were 
acquired by presentation, 34 were deposited, 153 were pur- 
chased, 7 were received in exchange, and 9 were born in the 
Menagerie. 

The following may be specially mentioned ; — 

3 Wapiti (Cermts canadensis occidentalism cf ? ? , from Van- 
couver, presented by the Govt, of British Columbia through the 
Game Pt'eservatiou Board on Mai*ch 30th« 

1 Persian Gazelle (Ocuetta .i8uhg\utturosa)y cf, from Mesopo- 
tamia, presented by Maj.-Gen. Sir Percy Cox, K.C.M.G. on 
March 29th. 

1 Bennett’s Gazelle {Qa»Ma dennetii), $ , from Feluja, Mesopo- 
tamia, presented by Major Chadwick on March 29tb. 
pROC. ZooL. Soo. — 1921, No. XXX. 30 
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1 Black Wallaby {Maa^opm tiedahatua), from New South Wales, 
presented by H.K.H. The Prince of Wales, K.G., on March 4th. 

1 Scarlet-breasted Sunbird (Cinn^'u guUuralia), from Durban, 
South Africa, new to the Collection, presented by Harold Millar, 
C.M.Z.S., on Mai-ch 18th. 

1 Southern Tree-Snake {Dryophia diapar)^ from India, new to 
the Collection, presented by A. P. K inloch, on March 26th. » 


Mr. K H. Burxe. M.A., F.Z.S., exhibited, and made remarks 
upon, a series of mounted specimens of young Flat Fish, demon- 
strating various stages in the transference of the left eye to the 
right side of the head. 


Dr. P. Chalmers Mitchell, C.B.E., F.B.S., read the following 
extract from a letter he had received from Mr. E. H. Bean, 
Director of the Washington Park, Milwaukee, Wis,, U.S.A,, 
describing the successful rearing of a Polar Bear Cub : — “ Our 
cub was born December the 2ud, 1919. I am quite sure the 
period of gestation was eight months. I removed the female 
bear in September. She was placed in a smaller compartment of 
our hear don, alone. The sleeping den is small, about 6 X 8 ft. 
The outside enclosure was also small, with a bathing tank in 
same. The mother bear bathed regularly up to about three 
weeks before the cub was delivered. We attempted to give her 
bedding prior to the birth of the cub, but she always put it out- 
side and preferred the bare boards to sleep upon. She stopped 
eating about three days before the cub came. About nine o^clock 
in the morning, December the 2nd, I passed her cage, detected a 
strange sound, which at first I thought to be a stray cat, but 
upon investigation, found to be coming from the polar bear cage. 
It happened to be twelve below zero that morning, and the den 
door faced the north, from which direction a very stiff wind was 
blowing. The mother bear had her back to the opening, and it 
seemed as though she had the baby cuddled up against her 
abdomen, and covered it as best she could with her great paws. 
I called the keeper, and he took a bale of straw on the rocks 
above the den door and gradually dropped a few handfuls down. 
I watched to see the effect it would have upon the mother bear. 
She did not seem to be disturbed at all, just raised her head up, 
looked around, and then settled back. We continued until we 
had shaken up two bales of straw, pushing same well up into the 
mouth of the den. During the night she took all of this straw 
inside, and at intervals of a few days we continued until .she had 
seven bales of straw. It was very interesting to note her ability 
to determine approaching storms. When a storm was on the 
way, she would pack the opening fi*om the inside, just leaving a 
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Byttallvent at the top, 'When i|iiW veather was o«, she 'would 
take her paws and pat the straw down until the opening was 
practically full siae. She left the nest nt the end of seven days 
for food and drink, and continued to do so until along in April, 
when she peimitted the baby to conoe out. The nest 'was so con- 
structed that it resembled a large wicker basket. For a few 
weeks the baby would crawl out and look over the side, but 
mother wai^always there to discourage any attempt on the baby’s 
part to leave the nest. 

“We have four adult polar bears that came to us direct from 
Bergen, Norway, in 1912. 1 have accustomed them to what 

might be considered a peculiar diet for this class of animals. 
We feed them on bread, apples, carrots, boiled rice, dried stock- 
fish, a mess of fresh fish seldomt and no meat whatever. They 
get a pan of cod-liver oil now and then, grass of all kinds during 
the summer months, also dog biscuits. The adult bears have 
a sleeping den on the hillside 8x 47 ft. deep and 7 high, and an 
outside enclosure 50x60 ft,, containing ledges, grottos, etc., also 
a bathing tank 15 ft. wide, 30 ft. long, and 8 ft. 5 inches deep. 
The bears bathe continuously, and are one of our main attractions 
in the collection. 

We used every precaution not to disturb our motber bear. 
The day that she was out for food I peeped into her nest, and 
this baby was about as large as a full-grown guinea-pig, fully 
furred, and w'itli two little black eyes like beads. I could not 
determine when it had opened its eyes. It is a wonderful cub, 
only had one sick spell, and that lasted only for a few hours.’' 


Mr. C. Davies Sherborn, F.Z.S., exhibited a coin of the Saka 
Dynasty (Punjab Region) of King Arzes (Ayasa), showing the 
so-called maneless lion ” of Asia, about b.c. 30. This coin 
belongs to the Bnctrian Series, and is inscribed in Greek on one 
side and in Pali on the other. 


Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, a scries of lantern -slides of a remaikable nest of the Wasp 
( Vespa germanica). 


Mr. 1). Sbth-Smith exhibited a series of skins of the Australian 
Budgerigar {MelopsiUacm tindulatui), show'ing the various colour- 
varieties that have been produced in captivity. He remarked 
that the species was apparently jprst imported alive in Europe by 
John Gould in 1840, since when not only had it been freely 
brought home, but it had bred in captivity so readily that now^ it 
might be said to be a domesticated species, and, like other domes- 
ticated spepios, certain colour- vaiTeties had been produced. Tlieie 
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was the well-established yellow variety, the rarer blue variety, 
and a so-called olive variety, and recently a nearly pure white 
bird (which was shown) had been bred by Mr, H. D. Astley. 

These varieties were produced by the elimination or partial 
elimination of the two primary pigments, yellow and black, which 
were present in the normally-coloured green bird. The yellow 
variety showed entire lack of black pigment, the blue variety was 
entirely lacking in yellow pigment, the blue colour being pro- 
duced by a combination of black pigment and prismatic feather 
structure. 

The olive variety Mr. Seth-Smith was unable to show, but it 
appeared to be a case in which both yellow and block pigments 
were weak, while the unique white specimen was an instance of 
the elimination of both the black and yellow pigments. 


Major E. E. Austen, D.S.O., F.Z.S., drew attention to an 
apparent change of habitat on the part of the Common Cricket 
{Gryllus domssticu8\ and described a recent visit he had paid to 
a large refuse dump where he had observed the Crickets in con- 
siderable nutnbers. 
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ABSTRACT OF THE PROCEEDINGS 

OP THE 

ZOOLOGICAL SOCIETY OF LONDON.^ 

Febraary 8th) 1921. 

Prof. E. W, MacJ^ride, D.Sc., LL.D., F.ll.S., Vice-President, 
in the Chair, 


The Secretary read a IlepoH on the Additions to tlie Society’s 
Menagerie during tlie months of November and December, H)!20, 

Mr, E. 0 . Boulenoer, F.Z.S., exhibited and made remarks 
upon a Jilack Salamander {Salamamlra atra), which, in the course 
of its captivity in the Gardens, developed yellow spots on the 
body. 

Dr. C. F. SoNNTA(i, F.Z.S. , gave a resunu' of his paper on “ The 
Comparative Anatomy of the Tongues of the Mammalia, Family 
Simiida).’' 

Mr. R. I. PococK, F.R.S., gave an exhibition, illustrated by 
lantern-slides, demonstrating some of the external characters of 
the Throe- toed Sloth (B^'odi/jnvs trida^tylns). 

Dr. C, F. SoNNTAG, F.Z.S., gave an account of some special 
featuies in the anatomy of the Three- toed Sloth {Brady pics 
trUlccciylus). 


* This Abstract is published by the Society at its ofTiees, Zoological Gardens, 
Regent's Park, N.W., ou the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the ‘ Proceedings,* free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may bo obtained on the 
day of publication at the price of Sixpence^ or, if desired, sent post-free lor 
the sum of Six Shillings per annum, payable in advance. 
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Prof. J. P. Hill, F.ll.S., exhibite(l, and made remarks upon, 
a series of Ian term -slides of the Fajlus of a Three-toed Sloth 
{Bradypus tridactylus ) . 

Lt.-Col. S. Monckton Copeman, M.D., F.R.S., gave an account 
of the capture of a rare Parasitic Fly, Hammomyia {Hylephila) 
iinilineata Zett. 

Mr. 1). M. S. Watson, F.Z.S., gave a rhame of his paper on 
the ‘‘ Basis of (Jlassilication of the Tiieriodoiitia.” 


The next Meeting of the Society foi* Scientific^ Business will he 
held on Tuesday, Fohruary 22nd, at 5.30 when the following 
conimuniciitions will l)e made : — 

The SErpETARY . 

Report on the Additions to the Society’s IVlenngerie during 
the month of January, 1921. 

Professor Elliot Smith, F.R.S., F.Z.S. 

Exhibition of photographs of live examples of Tarsias, 

A. Mallook. F.K.S., F.Z.S. 

Colour-production in relation to the coloured feathers of 
Birds. 

E. PuKiNFifiLD Jones, F.E.S., F.Z.S. 

Descriptions of new Moths from South-East Brazil. 

J. Stephenson, D.Sc., F.Z.S. 

Morphology, Classiliccition, and Zoogeography of Indian 
Oligochseta. 

Dr. N. S. Lucas, F.Z.S. 

Report on Deaths in the Society’s Gardens during the Year 
1920. 

R. Broom, D.Sc., F.R.S., C.M.Z.S. 

On the Structure of the Reptilian Tarsus. 
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The following Papers have been received : — 

O'"' 

Augusta Arnba ck C n u i sti k - IjIn dk. 

On tlie Reproductive t)rg;uis of the Ascidian K iilcenthaUa 
borealis ( h>tts(;haldt. 

B. P. ITvAttOV . 

Tlie (Uiograpliical Distribution of Ortliopterous Insects in 
the Caucasus and in Western Asia. 


E. O. Boulenijkh, F.Z.S. 

Experiments on Colour changes of the Spotted Salamander 
{Salatuandra mactdosa)^ conducted in the Society’s (hardens. 

Miss Joan R Pmxrrou. F.Z.S. 

On the Variation of the Scapula in the Batrachian (Iroups 
A(jlossn and Arc if era, 

W. T. Calmax, T).Sc., F.Z.S. 

Notes on Marine Wood-boring Animals. — II. Crustacea. 

O. ('. Roiisox. B.A. 

On tlie Molluscnn (leiius Cochlitoma and its Anatom v, wuth 
Remarks upon tin* Variation of two closely-allied Forms. 

n. E Anduews. 

The Oriental Species of the Cenus CalUsiomwnis (Coleo- 
ptera, Carabida*). 

0. J. Arrow, F.Z.S., F.E.S. 

A Revision of the IMelolonthine Beetles of the Genus 
Ectinohoplia, 

J. ir. Lloyd, M.Sc., F.Z.S. 

Abnormalities in the Common Frog {Rana temporaria). 

Stanley Hirst, F.Z.S. 

On some new and little known Acari, mostly Parasitic in 
Habit. 

CHAS. F. SOXNTAO, M.Ih, F Z.S. 

The Comparative Anatomy^ of the Tongues of tin* Mam- 
nuilia. — 111. Family 2. Cercopithecidie : with Notes on the 
(Vunp nntive Physiology of the rongues and Htoniaclis of the 
Langurs, 
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Mrs. J. Longstaff, F.L.S., F.G.S, 

Observations on the Habits of the Snail, CoMiUma zeibra 
var. fidgurata^ and CocMitoma zehra^ var. oheaa Pfeiffer, iu 
Confinement. 

Q. T. Bethune-Baker, F.Z.S. 

A Monograph of the Lepidopteran Genus Catochrymps Bois- 
duval (auctorum). 

R. I. PococK, F.R.S., F.Z.S. 

The Extt^rnal Characters and Classification of the Pro- 
cyonirhc (Raccoons, etc.). 

E. T. Newton, F.R.S. 

Fossil Bird- Remains from Sardinia and Corsica collected by 
Dr. Forsyth Major. 


The Publication Committee desire to call the attention of 
those who pi'opose to ofier Papers to the Society, to the great 
increase in the cost of pHfH3r and printing. This will render it 
necessaiy for the present that papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 


Zoological Society of London, 

Regent’s Park, London, N.W. 8. 
February 15 ^ 4 , 1921 . 


Secretary. 



No. 21Z. 


ABSTRACT OF THE PROCEEDINGS 

OF THE 


ZOOLOGICAL SOCIETY OF LONDON.' 

February 22ud, 1921. 


Sir S. F. IIarmer, K.B.E., F.R.S., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions to the Society's 
Menagerie during the month of January 1921, 


Professor Elliot Smith, P.R.S., F.Z.S., exhibited, and made 
remarks upon, a series of photographs of living examples of 
Tarsius, 

Mr. A. Mallock, F.R.S., F.Z.S., read his paper on “ Colour- 
production in relation to the Coloured Feathers of Birds.” 


Dr. N. S. Lucas, F.Z.S., read his Report on Deaths in the 
Society’s Gardens during the year 1920, and illustrated his 
remarks by a series of lantern-slides showing some of the more 
interesting pathological fefitures he had observed. 

In the absence of the Authors, the following Papers were 
taken as read : — E. Dukinfielh Jones, F.E.S,, F.Z.S., “ Descrip- 
tions of new Moths from South-East Brazil ” ; J. Stephenson, 


* This Abstract is published by the Society at its offices, Zoolos^ioal Gardens, 
Regent's Park, N.W„ on the Tuesday following the date of Meeting to which 
it refers, It will be issued, along with the " Proceedings,’ free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpenx't, or, if desired, sent post-free for 
the sum of Six ShUlinff^ per annum, payable in advance. 
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T>,8c,., F.Z.S., ** On tlie Moi*pho]ogy, ClasRificfttion, an<1 Zoo- 
gPo<»ra|>hy of tho Indian Oligocbseta/' ; R. Broom, F.Il.S,, 

O.M.Z.8., “On the Structure of the Reptilian Tarsus/’ 


The next Meeting of the Society for Scientific BiisinesR will 

be held on Tuesday, March 8tli, at 5.30 p.m., wlien the following 

communications will be made : — 

E. G. Boulenger, F.Z.B. 

Experiments on Colour-changes of the Spotted Salamander 
{Sedamandra ma,culo8a)^ conducted in the Society’s Gardens. 

Mias Joan B. Procter, F.Z.S. 

On the Variation of the Scapula in the Batrachian Groups 
Aglossa and Arcifera. 

W. T. Calman, D.Sc., F.Z.S. 

Notes on Marine Wood-boring Animals. — II. Crustacea. 

AuausTA Arxback Ciiribtie-Linde. 

On tlie Reproductive Organs of the Ascidian Kuhenthalia 
borealis Gottschaldt. 

B> P. UVAHOV. 

The Geogrtiphical Distribution of Orthopterous Insects in 
the Caucasus and in W cistern Asia. 


The following Papers have been received ; — 


G. C. Robson. B.A. 

On the Molluscan Genus Cochlitoma and its Anatomy, with 
Remarks upon the Variation of Two closely-allied Forms. 

H. E. Andrews. 

The Oriental Species of the Genus CalliBtomimua (Coleo- 
ptera, Cambida^). 
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a J, Abbqw, F.Z.S., F,E.S. 

A Revision of the Melolon thine Beetles of the Genus 
jEctinohopHa, 

J. H, Lloyd, M.Sc., F.Z>S. 

Abnormalities in the Common Frog (Rana Umporwrw), 

Stanley Hirst, F.Z.S. 

On some new and little-known Acari, mostly Parasitic in 
Habit. 

CiiAS. F. SoNNTAG, M.D., F.Z.S. 

The Comparative Anatomy of the Tongues of the Mam- 
malia.— III. Family 2. Cercopithecidaj : with Notes on the 
Comparative Physiology of tiie Tongues and Stomachs of the 
Langurs. 

Mrs. J. Longstaff, F.L-S.^ F.G.S. 

Observations on the Habits of the Snail, Coclditonia zebra 
var. fulgarata^ and Cochliiovia zebra, var. obesa Pfeiller, in 
Confinement. 

R. I. PocooK, F.R.S., F.Z.S. 

On the External Characters and Classification of the Pro- 
cyonidaj (Raccoons, etc.). 

E. T. Newton, F.R.S. 

Fossil Bird-Remains from Sardinia and Corsica collected by 
Dr. Forsyth Major. 

Malcolm A. Smith, M.R.C.S., L.R.C.P., F.Z.8. 

New or little-known Reptiles and Ratrachians from 
Southern Annain (Indo-Cliina). 


The Publication Committee desire to call the attention of 
those wlio propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should bo condensed and 
be limited so far as possible to the description of nevl^ results. 
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Communications intended for the* Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 

Secretary. 


Zoological Society of London, 
Regent’s Paek, London, N.W. 8. 
March 1921, 



No, «13. 


ABSTRA(^.T OF THE PROCEEDINGS 

OP THE 


ZOOLOGICAL SOCIETY OF LONDON/ 

March 8th, 1921. 


Sir S. F. Harmer, K.B.E., F.R.S., Vice-President, 
in the Chair. 


In the absence of the donor, Dr. II. V. Shnfeldt, C.M.Z.S., 
the photographs of the last of the Passenger-Pigeons {Ectopistes 
^nigratorius) presented by him to the Society were exhibited and 
remarked upon by Dr. P. Chalmers Mitchell, C.B.E., F.R.S., 
F.Z.S. 


Mr. R. I. PococK, F.R.S. , F.Z.S., exhibited, and made remarks 
iij.K)n, the skull of a Sumatran Tiger. 


On behalf of Messrs. Gerrard & Sons, Mr, R. I. PococK ex- 
hibited, and made remarks upon, a Cheetah skin from Tanganyika 
Territory, showing an interesting modification in the arrangement 
of the markings on various parts of the coat. 


Mr. E. G. Boulenger, F.Z.S,, gave a resume of his paper on 
“ Experiments on Colour-changes of the Spotted Salamander 
{Salamatidra nlac^do8a)^ conducted in the Society’s Gardens.*' 


• This Abstract is published by the Society at its offices, Zoological Gardens, 
Begent’s Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It w’ill be issued, along with the * Proceedings,* free of extra charge, 
to all Fellows who subscribe to the Piiblioatiuns ; but it may be obtained on the 
day of publication at the price of Sixpmce^ or, if desired, sent post-free for 
the sum of Six Shillings per annum, payable in ad^'anoe. 
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III the absence of the Authoress, Miss Joan B, Procter's paper 
** On the Variation of the Scapula in the Hatrachian Groups 
Aglossa and Arcifera ” was taken as read. 


Dr. W. T. Calman, F.R S., F.Z.S., gave a rSsunii of his paper 
“ Notes on Marine Wood-boring Animals. — II, Crustacea," 


Sir S. F. Harmer, K.B.E., F.R.S., F.Z.S., gave a of 

Dr. Augusta Arnback Christie- Linde's paper “On the Repro- 
ductive Organs of the Ascidian Kiikenthalia borealis Gottschaldt.” 

In the absence of the Author, Mr. B. P. Uvarov’s paper on 
“ The Geographical Distribution of Orthopterous Insects in the 
Caucasus and in Western Asia" was taken as read. 


The next Meeting of the »Society for Heientiiic Business will 
be held on Tuesday, March 22nd, 1921, at 6.30 P.M , wlien the 
following coinmunications will be made: — 

The Hecretary . 

Report on the Additions to the Society’s Menagerie during 
tlie month of February, 1921, 


J, CossAR Ewart, M.D., F.R.S., F.Z.S, 

The Nestling Feathers of the Mallard, with i>l)servations on 
the Composition, Origin, and History of Feathers. 

E. T. Newton, F.R.S, 

Fossil Bird-remains from Sar<linia, Corsica, and Greece, 
collected by Dr. Forsyth Major. 


G. C. Robson, B.A. 

On the Molluscan Genus Coddiioma and its Anatomy, with 
Remarks upon the Variation of Two closely -allied Forms, 




11 


H. E. Akdeews. 

The Oriental Species of the Genus CMisiomimus (Coleo- 
ptera^ OarabidsB). 


The following Papers have been received : — 

G> J. Arrow, F>Z.S,, F.E.S. 

A Revision of the Melolonthine Beetles of the Genus 
Ectinohoplia. 

J. H. Lloyd, M.Sc., F.Z.S, 

Abnormalities in the Common Frog (liana temporaria), 
Stanley Hirst, F.Z.S, 

On some new and little-known Acari, mostly Parasitic in 
Habit. 


ClIAS. SONXTAG, M.I)., F.Z.S. 

The Comparative Anatomy of the Tongues of the Mam- 
malia. — III. Family 2, OercopithecideB : with Notes on the 
Comparative Physiology of the Tongues and Stomachs of the 
Langurs. 

Mrs. J. Longstaff, F.L.S., F.G.8. 

Observations on the Habits of the Snail, Cocklitoma zebra, 
var. fiil</urata, and Cochlitoma zebra, var. obesa Pfeifter, in 
Confinement. 

R. I. PococK, F.R.S., F.Z.S . 

On the Exte^rnal Charac^ters and Classification of the Pro- 
cyonidiB (Raccoons, etc.). 

Malcolm A. Smith, M.R.C.S., L.R.C.P., F.Z.S. 

New or little-known Reptiles and Batrachians from 
Southern Annam (Indo-China). 


The Publication Committee desire to call the attention of 
those who propose to ofter Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be condensed, and 
bo limit^ so far os possible to the description of new results. 
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Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary, 

Zoological Society op London, 

Regent's Park, London, N.W. 8* 

March 15fA, 1921. 



No. 214. 


ABSTRACT OF THE PROCEEDINGS 

OF THB 

ZOOLOflfCAL SOCIETy OF LONDON.* 


March 32nd, 1921. 

Sir S. F. (Iarmer, K,B*E., F.R.S., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions to the Society’s 
Menagerie during the month of February 1921. 


Pix>f. J. CossAR Ewart, M.D., F.R.S., F.Z.S., delivered his 
lecture on “ The Nestling Feathei's of the Mallard, with Obser- 
vations on the Composition, Origin, and History of Feathers,” 
and illustrated his remarks with a series of specimens and 
lantern -slides. 


Mr. E. T. Newton, F.R.S., F,Z.S., gave an account of the 
fossil bones of Birds which had been collected by Dr. Forsyth 
Major from Caves in Sardinia, Corsica, and Greece. 


Mr. G. C. Robson, B.A., gave a resume of his paper “ On the 
Molluscan Genus CochlUoma and its Anatomy, with Remarks 
upon the Variation of Two closely-allied Forms.” 


♦ Thin Abstract is published by the Society at its offices, Zoological Gardens, 
Regent's Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the * Proceedings,’ free of extra charge, 
to all Fellows who subsonbe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence, or, if desired, sent post-free for 
the sum of Six ShiUings per annum, payable in advance. 
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Mr. H. E. Andrews gave a r^sumk of his paper on “The 
Oriental Species of the Genus Callistomimm (Coleoptera, Cara- 
bidce). 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, April 5th, at 5.30 p.m., when the following 
communications will be made : — 

G. J. Arrow, F.Z.S.. F.E.S. 

A Revision of the Melolon thine Beetles of the Genus 
Ectinohoplia. 

J. H. Lloyd, M.Sc., F.Z.S. 

Abnormalities in the Common Frog (liana temporaria). 
Stanley Hirst, F.Z.S. 

On some new and little-known Acari, mostly Paiusitic in 
Habit. 


Chas. F. Sonntag, M.D., F.Z.S, 

The Ooiuparative Anatomy of the Tongues of the Mam- 
malia. — III. Family 2. Cercopithecida? : with Notes on the 
Comparative Physiology of the Tongues and Stomachs of the 
Langurs. 


The following Papers have been received : — 

Mrs. J. Longstaff, F.L.S., F.G.S. 

Observations on the Habits of the Snail, CocMitonia zebra^ 
var. falgurata^ and CocMitmna zelra^ var. ohe.%a Pfeiffer, in 
Confinement. 

R. I. POCOCK, F.R.S., RZ.S. 

On TJio External Characters and Cla-ssification of the Pro- 
cyonidse (Raccoons, etc.). 
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Malcolm A. Smith, M.R,C.B., L.R.C.P., F.Z.^, 

New or little-known Reptiles and Batrachians from 
Southern Annam (Indo-Cbina). 

Basanta Kumar Das, M«Sc. (Allahabad), 

On a Puppy Monster.” 

R. I. PococK, F.R.S., F.Z.S. 

The Auditory Bulla and other Cranial Characters in the 
Mustelidae (Martens, Badgers, etc.). 


The Publication ‘Committee desire to call the attention of 
those wlio propose to olier Papers to the Society, to the great 
increase in tlie cost of paper and printing. This will render it 
necessary for the present that papers should be condensed, and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 

Sect'eiary, 


ZooiA)GiCAL Society of London, 

Regent’s Park, London, N.W. 8. 
March 29^4, 1921. 







No. S 16 . 


ABSTRACJT OF THE PROCEEDINGS 

OP THE 

ZOOLOGICAL SOCIETY OF LONDON.* 

April 5th, 1921. 


Prof. E. W. MaoBride, D.Sc., LL.!)., F.R.S., Vice-President, 
in the Chair. 


Dr. P. Chalmers Mitchell, C.B.E., F.R.S., Secretary of the 
Socnety, exhibited, and made remarks upon, a series of lantern- 
slides of a Baby Chimpanzee bora in the New York Zoological 
Park. 

Sir S. F. Harmer, K.B.E., F.R.S., exhibited, and made remarks 
upon, a photograph of Elephant Twins. 

Mr. E. G. Boulbnoer, F.Z.S., exhibited, and made remarks 
upon, the following Reptiles and Batmchians : — a young speci- 
men of Testudo nigra^ Monopeliis capensis, Siphonops annulatm, 
and Phrt/niscus nigricans. 

Miss L. E. Cheesman, F.E.S., exhibited, and made remarks 
upon, a nest of AnapJis vmata (Lepidoptera). 

Mr. G. J. Arrow, F.Z.S., F.E.S., gave a resume of his paper 
on “A Revision of the Melolonthine Beetles of the Genus 
JfJctinohopliaJ* 


* This Abstract is published by the Society at its offices, Zoological Gardens, 
Kegent’s Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the * Proceedings/ free of extra charge, 
to all Pellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of SiapencOy or, if desirea, sent post-free for 
the sum of Six Shillingn per annum, payable in advance. 
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In the absence of the Author, Mr. J. H. Lloyd, M.Sc., F.Z.8., 
an abstract of bis paper on “ Abnormalities in the Common Frog 
{Rana temporaria) ” was given by Dr. C. F. Soitntag, F.Z.S. 

Mr, Stanley Hirst, F.Z.S., gave a resume of his pa.per on 
‘‘ Some new and little-known Acari, mostly Parasitic in Habit,” 
and showed under microscopes (1) a preparation of a Sarcoptid 
Mite {Otodectes cynotia^ var. ccUi) showing the well -developed 
system of tracheal tubes; and (2) a preparation of the Mite 
(Taraonemua woodi) from Bees affected with** Isle of Wight” 
Bee Disease. 

Dr. Chas. F. Sonntag, F.Z.S., Anatomist to the Society, read 
his paper on “ The Comparative Anatomy of the Tongues of 
the Mammalia, — III. Fam, 2. Cercopithecidfie : with Notes on 
the Comparative Physiology of the Tongues and Stomachs of the 
Langurs.” 


The next Meeting of the Society for Scientific Business will 
be held on Tuesfey, April 19th, at 5.30 p.m., when the following 
cornmunicatioAiwiil be made : — 

The Secretary. 

Report on the Additions to the Society’s Menagerie during 
the month of March, 1921. 

Mrs. J. Longstafi^, F.L.S.» F.G.S. 

Observations on the Habits of the Snail, CocKlitonia 
var. fulgurat&^.m^ Cockliioma zebra ^ var. oheaa Pfeiffer, in 
Confinement# ^ , 

R. I. PococK, F.B:a, F.Z.S. 

On The External Characters and Classification of the Pro- 
cyonidae (Raccoons, etc.). 

Malcolm A, Smith, M.R.C.S,, L.R.C.P., F.Z.S. 

New or little-known Reptiles and Batrachians from 
Southern Annam (Indo-China). 
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The following Papers have been received : — 

BasAKTA Kttmak Das, M.Sc. (Allahabad). 

On a Puppy “ Monster.” 

R. I. PooocK, F.Z.S. 

The Auditory Bulla and other Cranial Oliaracters in the 
Mustelidse (Martens, Badgers, etc.). 

G. S. Thapab, M.Sc. 

On the Venous System of the Lizard, Vara7ius he^igaUnais 
Daud. 

C. W, Andrews, D.Sc., F.R.S., F.Z.S. 

Note on the Skull of Dinotherium giganteum in the British 
Museum. 


The Publication Committee desire to call t)i4^ attention of 
those who propose to offer Papers to the Bocieijr^ to the great 
increase in the cost of paper and printing. Tb^^will render it 
necessary for the present that papers should be condensed, and 
bo limited so far as possible to the description of new results. 


Oommunications intended for the Scientihc Meetings should 
bo addressed to 

P. CHALMERS MHWELL, 

Secretary. 

ZooLoorcAL Society of London, 

Regent’s Park, 1x)NI)on, N.W. 8. 

April nth, 1921. ' \ 






No. 210. 


ABSTRACT OF THE PROCEEDINGS 

OP THE 

ZOOLOGICAL SOCIETY OF LONDON.* 

April 19th, 1921. 

Sir S. F. llAHMER, Sr.D.. F.R.S., Vice-Pre.sident, 

in fehe Chair. 


The iSECRETAiiy read a llejiort on the Additions to the Society's 
Menagerie dnriiig the niuiitli of March, 1921, 

Mr. 11. II. Hurnk, M.A., F.Z.S., exhihiteil, and made remarks 
uj)on, a series of mounted specimens of a young Flat Fish, 
demonstrating various stages in the ti’ansference of the left eye 
to the right side. 

Dr. P. Chalmers Mitchell, O.B.E., F.R.S., Secretary, read an 
extract from a, letter he had received from Mr. E. H. Bean, 
Director of the Washington Park, Milwaukee, Wis., U.S.A., 
describing the successful rearing of a Polar Hear Cub. 

Mr. 0. Davies Sherhork, F.Z.S., exhibited a coin of the Saka 
Dynasty (Punjab Region) of King Arzes (Ayasa), showing the 
so-called maneless lion ’’ of Asia, about B.r. 30. This coin 
belongs to the Bactrian Series, and is inscril)ed in Greek on one 
side and in Pali on the other. 

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, a series of Ian tern -si ides of a remarkable nest of the Wasp 
( Vespa germauica ), 


* This Abstract, is published by the Society at its offices, Zoological Gardens, 
Regent's Park, N.W., on the Tuesday following the date of Meeting to wbiot 
it refers. It will be issued, along with the '• Proceedings,' fifee of extra charge, 
to all Fellows who siibeoribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence, or, if desired, sent post-free for 
the sum of Six Shillings per aunum, payable in advance. 
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Mr. D, 8eth-Smith, F,Z,S., exhibited, and made remarks upon, 
a series of skins of the Budgerigar {Melopsittacua undvXatua)^ 
showing colour-variations. 

Major E. E. Austen, D.S.O., F.Z.S., drew attention to an 
apparent change of habitat on the part of the Common Cricket 
(Gryllm domeaticus)^ and described a recent visit he bad paid to 
a large refuse dump where he had observed the Crickets in con- 
siderable numbers. 

Mrs- J. Longstaff, F.L.S., F.Q.S., gave a of her paper 

“ Observations on the Habits of the Snail, Cochlitoviia zebrcty var. 
fulgurata, and Cochlitonia zebra^ var. obeaa Pfeifter, in Confine- 
ment.” 

Mr, R. I. PococK, F.R.S., F.Z.S., read his paper “ On the 
External Characters and Classification of the Procyonida* (Rac- 
coons, etc.).” 

In the absence of the Author, Dr. Malcolm A. Smith, F.Z.S., 
his paper on Now or little-known Reptiles and Batrachians 
from Southern Annam (Indo-China),” was taken as read. 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, May 10th, at 6.30 p.m., when the following 
communications will be made : — 

R. T. PonooK, F.R.S., F.Z.S. 

The Auditory Bulla and other Cranial Characters in the 
Mustelidse (Martens, Badgers, etc.). 

Q S. Thapar, M.8c . 

On the Venous System of the Lizard, Varanus hengalmain 
Baud. 

C. W. Andrews, D.Sc., F.R.S., F.Z.S. 

Note on the Skull of Mnatherium gigantewn in the British 
Museum. 
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The following Papers have been received : — 

ChA8> F. Socttag, M.D., Anatomist to the Society. 

The Oompirative Anatomy of the Tongues of the Mam- 
malia. — IV* Families 3 and 4. Cebidse and Rapalidae. 

B. Broom, F.R.8., O.M.Z.S. 

On some new Genera and Species of Anomodont Reptiles 
from tlie Karroo Beds of South Africa, 

R. L PococK, F.R.S., F.Z.S, 

On the External Cliamcters of some Species of Lutrime 
(Otters). 

lUsANTA Kumar Das, M.Sc. (Allahabad). 

On a Puppy Monster. 


The Publication Committee desire to call the attention of 
those who propose to ofler Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
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